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THE SECOND PART OF THIS VOLUME 

BOTANY, 

IS INTENDED TO APPEAR EARLY IN JUNK. 

TO BE SUCCEEDED BY QUARTERLY ISSUES OP 

TREATISES ON MECHANICS, ASTRONOMY, \c. .\:< 



PROSPECTUS OF THE SERIES OF ORIGINAL ELEMENTARY 

TREATISES, FORMING A 

CYCLOPAEDIA OF NATURAL SCIENCE, 

PUBLISHING IN QUARTERLY PARTS, 

BY THE SOCIETY FOR THE PROMOTION OF POPULAR 

INSTRUCTION. 

The omission of the study of Natural Science from the course of instruction 
generally followed in this country, appears a neglect of one of the most 
important means of intellectual discipline and moral improvement which 
the Almighty has placed within our reach. This study, rightly pursued^ 
has for its object to enable us to . read with understanding in that bright 
volume of Creation, the pages of which are daily and hourly unrolled 
before us ; and which " is written (to use the impressive worcU of Lord 
Bacon) in the only language which has gone forth to all the ends of the 
earth, imaffected by the confusion of Babel." To every one do "the heavens 
declare the glory of God," whilst " the earth" shows itself " full of his good- 
ness :" but most of all to him who has learned to interpret the wonders 
they display ; and, by the application of the reason wherewith he has been 
endowed, to the discerning contemplation of the glorious works by which he 
is surrounded, to trace His power, wisdom, and love in every action. 

As a means of intellectual discipline, i^e study of Natmral Science is 
perhaps second to none. Habits of accurate, discriminating, unprejudiced 
observation, of cautious reasoning, and of sound judgment, together with a 
fearless love of Truth, are cultivated by it. Moreover, it has the advantage 
of interesting the pupil much more than the greater part of the ordinary 
routine of instruction ; and will tend to increase his desire for the attain- 
ment of valuable knowledge of any description. Further, at the present 
day, when Science is constantly furnishing some new and important 
improvement in those Arts which minister so much to our comfort, and in 
their turn contribute in various modes to the expansion of the intellect^ 
the practical benefit of a general acquaintance with its principles is suffi- 
ciently evident. And whatever portion may be destitute of such direct 
application will be found to have uses of its own, in furnishing subjects 
for the healthy occupation of the thoughts, and objects of pursuit as rational 
and interesting relaxation. 

No works at present before the public appear to be altogether suitable 
to this purpose ; the greater number of strictly Elementary Treatises on Na- 
tural Science being little else than abridgments of larger works ; so that 
they are much befalnd the present state of science, and are for the most part 
but inaccurate copies of one another, executed in a mechanical spirit, and 
destitute of the striking novelties which scienti^c research is constantly 
bringing into view. The Publishers have, therefore, determined upon bring- 
ing out a connected series of Treatises upon the principal departments of 
Natural Science, designed and executed in accordance with the views above 
expressed. It is intended that these should all be founded upon such 
knowledge as every person of ordinary capacity possesses, and that the 

(attention of the reader should be directed in the ^x^t los^^SkK^^ \A^^\!L^m^TN: 
of constant occurrence around him ; and it is lio^e^ \V\«A. Vj ^ yaS^^\^ 
mode of treating the subject, principles may \>e gwA»sSV^ aLE^^"^^ 



such a maimer as to render them fiillj comprehensible, and their more 
extended application thus marked out ^^ The neglecting to form a proper 
connection with preyiously acquired knowledge — ^the undervaluing the 
results of ordinary experience as parts of the system — ^as the first rounds 
of that intellectual ladder by which they aspire to scale the loftier heights 
of philosophy," has been well described as a common error among those 
who undertiJce to direct the study of Natural Science. This error will be 
especially guarded against in the present series ; its conductors deeming 
a certain amount of diffuseness, which may be thereby incurred, a far less 
evil than that frigid conciseness which is so repuLnye to the beginner, 
though of value to the advanced student. 

Each of the Treatises will be distinct in itself; Intt they wiU all form 
parts of one general plan^ to be executed by the same Writer ; so 
that a considerable degree of connection may exist between them, and 
harmony be maintained throughout. In every department, care will be 
taken to give the latest views attained at the time of its preparation, 
provided these appear well-founded ; and to embody as many facts of 
striking interest as may be possible, so as to furnish entertainment as well 
as instruction ; but great care will be taken to exclude every thing which 
it might be afterwards desirable to unlearn. 

The Publishers would have shrunk from the responsibility involved in 
the successful development of the views embodied in this annoimcement, 
had they not been able to confide their execution to a gentleman whose 
high position in the scientific world, united with an ardent zeal for the 
dijasemination of knowledge, affords the best guarantee that the whole work 
will be completed in a manner worthy of its importance. 

It is intended that the subjects shall be distributed under the following 
heads: 

MECHANICS.— ASTRONOBiT. — HYDROSTATICS. — HYDRAULICS. — 

PNEUMATICS. Two Volumes. 

SOUND. — HBAT. — LIGHT. — BLSCTRICITY. — MAONBTISM. ... One Volume. 

CHEMISTRY, AND ITS APPLICATIONS IN THE ARTS. ... One Volume. 

MINERALOGY. — GEOLOGY One Volume. 

VEGETABLE PHYSIOLOGY.— BOTANY One Volume. 

ZOOLOGY. — ^ANIMAL PHYSIOLOGY. Two Volumes. 

HABITS AND INSTINCTS OP ANIMALS One Volume. 

The above will be the arrangement of the series when complete, with 
General Titles and Indexes ; but circumstances may render it expedient 
to vary the order of publication. The Volume on Vegetable Physiology 
and Botany is produced first— there being a peculiar want of an elementary 
treatise on these sciences, and also as being particularly adapted to exhibit 
the general character of the whole work. The series will be concluded with 
a volume on Natural Theology, in which reference will be made to the 
facts contained in the previous treatises. 

It may be necessary to announce, that the Volumes will be as nearly as 
possible of an average number of pages ; but the extent and price of each 
Part will be governed by circumstances : thus the importance and com- 
parative novelty of the principles of Vegetable Physiology, have led to more 
ai£iiseneaa than will be required in the remaining portion of the volume. 
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ADVERTISEMENT. 



The ''Society for the Promotion of Popular Instruction" 
have much pleasure in offering to the public the following 
Treatise on Vegetable Physiology, as the first-published 
portion of their ^^ Popular Cyclopwdia of Natural Science T 
exhibiting, as it does, the successful carrying-out of the 
principles set forth in the Prospectus of the Series ; and, at 
the same time, completely harmonizing with the general 
objects of the Society. They feel assured that it will be 
found sufficiently simple in its character, and clear in its 
explanations, to be regarded as an elementary treatise, 
adapted to those who have no previous knowledge of the 
subject; whilst its systematic arrangement, and the scientific 
value of the principles laid down in it, render it an excellent 
introduction to more comprehensive works on the same 
subject. The general reader, who seeks no more than 
entertainment or recreation, will find it in this volume, in 
the copious illustrative facts and interesting collateral in- 
formation, with which it abounds ; whilst to the Agricultu- 
rist, the Gardener, and the Domestic Economist, it supplies 
principles and practical applications of great importance. 

March, 1841. 
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INTRODUCTION. 



Op all departments of Science there is perhaps no single one 
capable of exercising such an advantageous influence on the mind 
of its cultivator as Natural History. Every kind of knowledge 
has in it something that is valuable; for even if it be of no direct 
utility in the ordinary concerns of the world, the acquirement of 
it is a use^ exercise to the mental faculties, and the possession 
of it may operate in a most beneficial manner on the habitual 
feelings, and give a corresponding direction to the whole course 
of life. 

It is desirable to cherish correct views of the benefits of difierent 
kinds of knowledge, that those may choose most advantageously 
for themselves, whom the necessary business of life debars from 
the extended pursuit of it ; and without undervaluing other branches 
of Science, it may be safely affirmed that Natural History is 
capable of affording more to interest and instruct, more to refresh 
and relax the well-disposed mind, on a very slight acquaintance 
w^ith it, than any other pursuit. Not a step can the learner ad- 
vance in it but he meets with wonders previously imsuspected ; — 
not a height does he gain, from which his prospect is clearer and 
more extensive, but his notion of these wonders acquires a yet 
more astonishing vastness. The more he knows, the more he 
desires to know ; and the further he advances, the more does he 
perceive how much delight is yet in store for him. 

The beneficent Creator of all has not only ordained that every 
part of his works should be good^ — should be adapted to answer 
its designed end, and should contribute in the highest degree of 
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which it is capable to the well-being of his creatures; — but he 
has made every thing " beautiful in its season," — he has so fonned 
the mind of man that it derives pleasure from the contemplation 
of the glorious works around him. And it is, therefore, a worthy 
employment of our faculties to encourage this pleasure, and to 
place it upon a more solid and extended foundation than that 
afforded by the mere forms and colours of the objects around us, 
however beautiful these may be. One great source of the pleasure 
derived from the enquiry into the structure and mode of existence 
of the living beings around us, arises from the beautiful adaptation 
of their parts to each other, and of the whole to the place it has to 
occupy, which we can easily trace in every one. The Philosopher 
who studies the motions of the heavenly bodies, and the station of 
this earth among them, traces these adaptations no less clearly ; 
but it requires profound and long-continued study to be able to 
comprehend them aright. But the Naturalist can discern them 
with far less research in every plant that grows, in every animal 
that breathes ; and he meets with a constant variety which pre- 
vents him from growing weary of the pursuit. Yet the yoxmg are 
too frequently kept in ignorance of the wonders and beauties 
around them ; and, whilst encouraged to learn many languages, 
and read many books, they remain unacquainted with the bright 
volume of Creation, the pages of which are daily and hourly 
unrolled before them, " written," to use the impressive words of 
Lord Bacon, '' in the only language which hath gone forth to the 
ends of the world, unaffected by the confusion of Babel." But 
these pages are not to be read without some study : the alphabet 
and grammar must be learned, in order that their beauties may be 
rightly comprehended; and those who are entering upon the enquiry 
need to be rightly directed by those who are more advanced. 

Natural History has been too generally shunned by those whose 
minds are occupied with the necessary employments and cares of 
the world, and who seek in the pursuit of knowledge a source of 
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Tefreshment and relaxation, as a Science of hard names and intri- 
cate classification. But the objects of its several departments are 
not commonly understood. The study includes the examination 
of the structure, habits, and mode of existence of all the living 
beings which so thickly people the surface of the globe ; and it 
is only in order to become acquainted with these more readily, 
that the Naturalist arranges or classifies them, placing those to- 
gether which have most in common, and separating these &om 
others which are widely different. Classification, therefore, is 
not the object of Natural History ; but a means of gaining that 
object ; and it is very easy to enter upon many interesting en- 
quiries without the slightest knowledge of it. The structure and 
actions of man, for example, may be examined in the greatest 
detail, without knowing anything of his place in the general scale 
of being (although such knowledge will often shorten the student's 
labour ;) and other kinds of animals and plants may be observed 
in the same manner. In fact, several of the most valuable and 
interesting observations we possess upon the habits and actions of 
particular animals, were made by those who devoted themselves 
almost exclusively to that special object. Thus it is scarcely 
out of the power of any one to contribute something to the general 
stock of knowledge; still less, then, can any be prevented from 
adopting some department of this pursuit for the health and invi- 
goration of their own minds. 

The study of the structure and actions of Plants, constituting what 
is known as Vegetable Physiology, has been less brought under 
the notice of those who pursue Natural History only for the im- 
provement and recreation of their minds, than it perhaps deserves. 
In regard to the importance of the Vegetable Kingdom in the eco- 
nomy of Nature, it can scarcely be said to rank lower than the 
Animal Creation ; for all Animals are either directly or indirectly 
dependent upon Vegetables for their sustenance, and must cease 
to exist if they were destroyed. The beauty of the external 
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forms of Plants is sui^assed by that of their internal structure ; 
and the investigation of the latter is more easy than that of ani- 
mals, besides being unattended vnth many drawbacks which 
must elsewhere be encountered. The objects of the Physiologist 
are never out of reach ; for barren indeed must be that country 
which affords no shelter to the products of the Vegetable Kingdom. 
The meanest and most common herbs are in his eyes as interesting 
as the majestic tree or the rarest flower. The toilsome labours of 
the Collector, who seeks to bring together in his cabinet as large 
a number as possible of the different tribes of plants existing on 
the surface of the globe, are not required by him ; nor is his mind 
&tigued by the difficulties and technicalities of classification. And 
what renders the pursuit of this branch of Natural History pecu- 
liarly adapted to the female sex is its freedom from the necessity 
of that corporeal suffering, which, however laudable its ultimate 
objects, the truly humane will always dread to inflict upon beings 
that have feelings like their own. 

The object of the following Treatise will be, therefore, to lead 
those who may be disposed to adopt our recommendation, to a 
pursuit which cannot fail to prove a source of interest and im- 
provement. It will be adapted as much as possible to those who 
have no previous information on the subject, beyond that 'which 
all young persons of ordinary capacity may gain by themselves ; 
and it will omit, therefore, several topics of high but less general 
interest, which those who feel inclined to examine them will find 
fully treated elsewhere. 

Wherever circumstances are compatible with Vegetable exist- 
ence, there we find plants arise. It is not only on the luxuriant 
soil, on which many generations have flourished and decayed, 
that we find the display of their beauties. The coral island, but 
recently elevated above the level of the sea, speedily becomes 
clothed with verdure. From the/^materials of the most sterile 
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rock, and even from the yet recent cinders and lava of the volcano, 
Nature prepares the way for vegetable existence. The slightest 
crevice or inequality^ is sufficient to arrest the invisible germs that 
are always floating in the air ; and the humble plants which spring 
from these soon overspread the surface, deriving their chief nutri- 
ment from the atmosphere. Having completed their allotted period 
of existence, they die and decay ; but their death is only a prepara- 
tion for the appearance of higher forms of vegetable structure. 
They are followed by successive tribes of plants of gradually in- 
creasing size and strength; until, in the course of years, the 
sterile rock is converted into a natural and luxuriant garden, of 
which the productions, rising from grasses to shrubs and trees, 
present all the varieties of the fertile meadow, the tangled thicket, 
and the widely-spreading forest. 

No extremes of heat or cold seem to put an entire check upon 
vegetation. Evenin the desert plains of the torrid zone, the eye 
of the traveller is often refreshed by the appearance of a few 
hardy plants, which find sufficient materials for their growth in 
these arid regions. And wherever a spring of water moistens the 
soil and atmosphere around, a spot of luxuriant verdure is foimd* 
These Oases, as they are termed, are the stations at which caravans 
halt, when crossing the extensive wastes of parching sand ; and 
although their effisct upon the mind is doubtless heightened by the 
dreariness of the preceding journey, there is no question that few 
spots can present greater richness of vegetation than these. It 
will hereafter be seen that heat, light, and moisture combined 
form the circumstances most favourable to the growth of plants ; 
and it is from the combination of the latter of these conditions 
with the former, that the vegetation of small islands in the tro- 
pical ocean is so peculiarly rich. These Oases are like such 
islands in the midst of a sea of sand ; and nothing can be a greater 
contrast with the desolation around, than "the green pastures" 
and " still waters" which they affi)rd. 
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Many remarkable facts might be mentioned, relative to tbe 
degree of heat which some forms of vegetation are capable of sus- 
taining, and which, to some species indeed, appears a natural 
and even necessary condition. A hot spring in the Manilla islands, 
which raises the thermometer to 187° has plants flourishing in 
it and on its borders. In hot springs near a river of Louisi- 
ana, of the temperature of from 122** to 145°, have been seen 
growing not merely the lower and simpler plants, but shrubs and 
trees. In one of the Geysers of Iceland, which was hot enough 
to boil an egg in four minutes, a species of Chara has been found 
growing and reproducing itself; and vegetation of an humble 
kind has been observed in the similar boiling springs of Arabia 
and the Cape of Good Hope. One of the most remarkable facts 
on record, in reference to the power of vegetation to proceed 
under a high temperature, is related by Sir G. Staunton, in his 
account of Lord Macartney's embassy to China. At the island of 
Amsterdam a spring was found, the mud of which, far hotter 
than boiling water, gave birth to a species of Liverwort. A large 
Squill bulb, which it was wished to dry and preserve, has been 
known to push up its stalk and leaves, when buried in sand kept 
up to a temperature much exceeding that of boiling water. 

Even the extreme of cold is not fatal to every form of vegetable 
life. In the realms of perpetual frost, the snow which covers 
mountains and valleys, and whose surface scarcely yields to the 
influence of the solar rays at midsummer, is in some places 
reddened for miles together by a minute vegetable, which grows 
in its substance, and has been supposed, from its very rapid in- 
crease, to have fallen from the sky. This will be hereafter 
described under the name of Red Snow, which is that commonly 
applied to it. The Lichen which forms the winter food of the 
rein-deer, grows entirely buried beneath the snow ; and its quantity 
may be judged of by the number of the animals which find in it 
their sole support during a considerable part of the year. 
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Plants are found, too, in situations in which some peculiar 
noxious influence might be supposed entirely to prevent their 
growth ; — as for example, in sulphureous springs. In fact, there 
are scarcely any circumstances in which there is not some kind of 
plant adapted to exist. Thus, it is well known that soils, which 
hare any considerable admixture of metallic ores are not fayour- 
able to most kinds of yegetation ; and, among such, those mixed 
with the refuse of lead mines are the most sterile, so that this 
substance is often mixed with grayel, to prevent weeds from 
growing on garden-walks. Yet even on heaps of this material, 
thrown up around the openings of the mines, the Vernal Sandwort 
thrives, growing perhaps even more luxuriantly than in any other 
situation. 

The degree in which vitality is sometimes retained by plants, 
under the most unfavourable conditions, for a period to which 
it is difficult to assign a limit, is one of the most interesting and 
curious circumstances in their economy. In the greater part of 
those inhabiting temperate climates, an apparently complete ces- 
sation of activity takes place every year. The leaves wither and 
drop off; the stem and branches are reduced to a state of death- 
like bareness ; and all the changes in which life consists appear 
to have entirely ceased. In some instances, the stems also die 
and decay, the roots only retaining their vitality ; yet from these, 
with the return of the genial warmth and light of spring, a new 
stem shoots up, and new leaves and flowers are produced, — in 
their turn to wither and decay. The torpor is not, however, so 
complete as it appears, in those durable and woody stems which 
defy the winter's blast ; for late experiments have shown that a 
slight movement of sap takes place even in a frosty atmosphere. 
In evergreen plants, on the other hand, this cessation of activity 
is less marked ; but the difference between their summer and 
winter condition is much greater than is apparent. In all these 
cases, however, the changes are periodical ; and are not altogether 
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dependent on external conditions. For nothing will prevent a 
plant from shedding its leaves nearly at its usual time ; and al- 
though by artificial heat, or by removal to a warmer climate, a 
new crop can be brought out within a short interval, this exhausts 
its powers, so that few kinds can survive the change of circum- 
stances for any long period. Moreover, the period of inactivity 
cannot in these cases be prolonged beyond a certain fixed time ; 
for a plant whose growth in spring is checked by the protracted 
influence of cold, loses its vitality altogether. But there are some 
instances in which this condition may be greatly prolonged. Bulbs, 
for example, of the onion, hyacinth, tulip, &c. have been kept 
for many years in this dormant state, capable of rene^ving the 
active processes of vegetation,— of shooting up leaves and flower- 
stems into the air, and of transmitting their roots into the soil — 
for many years ; and there does not seem any particular limit to 
this power. Instances have been related of the growth of bulbs 
unrolled from among the bandages of Egyptian mummies ; but 
there is reason to believe that deception has been practised on 
this point upon the too-ready credulity of travellers, — stiU, there 
is nothing impossible in the asserted fact. Light, warmth, and 
moisture are the causes of the growth of these curious structures ; 
and when removed from the influence of these, there is no reason 
why a bulb should not remain unchanged for 100 years if it can 
for 10 ; and for 1000 if for 100. We shall hereafter see that the 
vitaUty of seeds under similar circumstances appears quite 
imlimited. 

But there are some plants which, even whilst in a state of active 
vegetation, are capable of being reduced to a similar torpid con- 
dition, and of remaining in it for almost any length of time, 
without injury to life. There is a kind of Club-Moss inhabiting 
Peru, which is liable to be entirely dried up, when deprived of 
water for some time. It then folds in its leaves and contracts 
its roots, so as to form a ball, which, apparently quite devoid of 
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animation, is driven about hither and thither hy the wind ; as 
soon, however, as it reaches a moist situation, it sends down its 
roots into the soil, and unfolds to the atmosphere its leaves, 
which, from a dingy brown, speedily change to the bright green 
of active vegetation. The Rose of Jericho is the subject of similar 
transformations ; and the common Mosses exhibit the same in a 
less degree. 

These conditions are not the only ones admitting of great varia- 
tion, and yet most important to the active operations of the vege- 
table structure. Light is as important as warmth and moistui'e 
to the processes of the economy ; and yet we find plants adapted 
to thrive under the almost total deprivation of it. Sea-weeds 
possessing a bright green colour have beeu drawn up from the 
depth of more than 100 fathoms, to which the sun s rays do not 
penetrate in any appreciable proportion. Many of the Mushroom 
tribe have been found growing in caverns and mines to which 
no rays from the sun, either direct or reflected, would seem to 
have access ; and even more perfect plants have been observed to 
vegetate and to acquire a green colour (which is in general only 
produced under the influence of strong light) in such situations. 
On the other hand, we find some plants adapted only to exist 
where they can be daily invigorated by the powerful rays of a 
tropical sun, with the complete daily change which results from 
their total absence during a large part of the twenty-four hours ; 
whilst there are others whose energies, after remaining dormant 
during the tedious winter of the arctic regions, are aroused into 
a brief activity by the return of the luminary on whose cheering 
influence they depend, and whose rays are not withdrawn from 
them for weeks or even months together. Neither of these 
tribes could flourish if transferred to the circumstances of the 
other ; and, opposite as these are, we observe that the Creator has 
adapted living beings to inhabit each, with equal suitableness. 

This adaptation of each species to particular circumstances is 
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often seen in an interesting manner on a small scale, on the ex- 
terior of large trunks of trees, old towers, &c. which are thickly 
clothed with Mosses and Lichens. Many of these avoid the light ; 
and their presence indicates the north side of the hody to which 
they are attached. To others, again, the light in all its strength 
is genial ; and they frequent the southern aspect ; whilst other 
forms, intermediate in hahits, frequent the eastern and western 
sides ; so that, on going round such a tower or large trunk, we 
ohserve a succession of different species, which may he compared 
to that which is presented in the various latitudes, passing from 
the equator towards the pole. A similar succession on a larger 
scale is seen on ascending a high mountain between the tropics, 
such as the Peak of Teneriffe. The lower portion exhibits the 
vegetation of the surrounding country, in all the luxuriance and 
richness of an island in the torrid zone. Higher up, the traveller 
meets with productions similar to those foimd on the borders of 
temperate regions ; and to these succeed those of the medium 
temperate zone. Above these are perceived the alpine plants, 
which in northern Europe are found at a comparatively trifling 
elevation ; and to these succeeds the dreariness of perpetual 
snow. These five distinct zones are well marked on the Peak 
of Teneriffe ; each having a certain set of plants peculiar to it, 
as the plants of Northern and Southern Europe, and of Northern 
and Central Africa, are to those regions respectively. 

Thus we see that on no part of the earth's surface, under 
no peculiarities of soil or climate, is vegetation of some kind or 
other impossible. Every distinct tribe of plants flourishes naturally 
under peculiar conditions, — some preferring a warm atmosphere, 
others a cool one ; — some only luxuriating in moisture, and others 
in the opposite condition of dryness ; — some requiring the most in- 
tense light, and others only growing in darkness. There are some 
plants which are very deficient in the power of adapting them- 
selves to slight changes in these conditions ; and these are accord- 
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ingly restricted to certain localities, which are favourable to their 
growth, and are hence considered rare plants. Thus, for ex- 
ample, there are certain species which require that the air sur- 
rounding them should contain a minute quantity of salt, dissolved 
in its moisture; — these only abound, therefore, near the sea- 
shore ; but they are seen to spring up in the neighbourhood of 
salt-works, even many hundred miles inland, — their seeds being 
conveyed by the wind or by birds, which have spread them over 
the whole surface of the earth, but there only meeting with the 
conditions they require for their development. On the other 
hand, there are many which can grow in almost any situation, 
and which can adapt themselves to a great variety of circum- 
stances, often exhibiting evident changes of form and aspect, 
which are due to the influence of these. Such are common 
plants ; and many of them are among those most serviceable to 
man, on account of the improvement which can be effected in 
them Jby cultivation. For example, the Potatoe, growing in its 
native climate — the tropical portion of South America, — does not 
require for the growth of its young shoots that store of nourish- 
ment which, in temperate climates, is provided in its fleshy tubers ; 
and the edible portion is thus extremely small, since the warmth 
and moisture constantly supplied to it develope the growing 
parts without such assistance. But when transplanted to colder 
regions, and to a richer soil, that store is greatly increased in 
amount, and becomes one of the most important of all articles of 
food to man. If it were not for this capability of adapting itself 
to new circumstances, the plant could not thrive in Northern 
Europe ; since its own powers of growth would be insufficient, 
when the external conditions are so much changed. But it is 
this very capability which renders it so useful to man. If the 
large Potatoes of European cultivation be planted again in tropi- 
cal climates, the produce is little superior to that of the original 
stock ; since, when circumstances no longer demand it, the ac- 
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quired habit ceases. The Cabbage, Broccoli, Cauliflower, &c., 
are, in like manner, only varieties of one species, greatly altered 
by cultivation ; the plant which was the original stock of all 
having been formed susceptible of more remarkable changes than 
most others, and thus rendered at the same time useful to man, 
and very easy of production. 

These instances, to which many more will be hereafter added, 
will suffice to show that it is not only in their original state that 
the adaptation of each tribe of plants to particular circumstances 
is exhibited ; since there are many which can thus spread them- 
selves, or may be spread by man, over a large part of the globe. 
And in this capability, no less than in their original aspect, do 
we recognise the wisdom and power of the Almighty Denigner, 
who willed that no portion of the globe should be unclothed by 
vegetation, and that from every part the herbage should spring 
forth for the supply of the Animal creation, which is entirely 
dependent on it, either directly or indirectly, for its sustenance. 

Such, then, being the universal diffusion of these beings, it is 
obvious that in no spot can he who seeks to make himself ac- 
quainted with their structure and habits, be without some subjects 
for examination. And since the humblest and simplest plants 
are found, when examined, to display an organization as remark- 
ably and beautifully adapted to the functions they are to perform, 
and to the conditions in which they are to exist, as is that of the 
highest and most complicated, there is no reason why any should 
be neglected, however insignificant they may appear. 

The following volume is intended to serve as a guide to those 
who are inclined to make the wonders of the Vegetable kingdom 
an object of their regard, either as a source of recreation, or with 
those higher views to which the student of Natural History can 
scarcely avoid being led. For although no doubt can be enter- 
tained by the reflecting mind that the Power, Wisdom, and Good- 
ness of the Creator arc everywhere operating with equal energy, 
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whether in the simple but majestic arrangement of the heavenly 
bodies, or in those changes by which our own globe is rendered 
fit for the habitation of such innumerable multitudes of living 
beings, no one can help feeling that it is in the structure and 
actions of these beings themselves, that these attributes are more 
evidently manifested to the inteUigent observer. And although 
the Animal kingdom has usually been regarded as affording more 
remarkable instances of their display than the Vegetable world, 
it may be doubted whether, when the latter is more closely 
examined, it will not appear equally or yet more wonderful. 



CHAPTER I. 

OF THE GENERAL CHARACTERS OF LIVING BEINGS, AND THE DIS- 
TINCTION BETWEEN ANIMALS AND VEGETABLES. 

1. When we examine any common Vegetable, we find that it 
is composed of a number of parts, diflfering in their form and 
structure, — such, for example, as the steniy roots^ leaves^ and 
flowers. Each of these we might again subdivide into others ; — 
the leaves, for example, into the/ootstalk on which they are sup- 
ported, and the expanded portion or blade. The blade of the leaf 
may be again distinguished into the midrib and the branching 
veins proceeding from it (which form as it were its skeleton), and 
the soft fleshy portion which clothes these ; and we might further 
convince ourselves, by a little examination, of the presence of a 
kind of skin or cuticle^ which envelopes the whole. Now these 
several parts of the structure of a plant, which have their respective 
uses in maintaining its life, — the roots, for example, being to 
suck up moisture from the soil through which they spread them- 
selves, and to fix the whole structure in the ground, — the stem to 
convey this to the leaves, which it elevates into the air, and ex- 
poses to light and warmth, — the leaves to convert or elaborate this 
crude fluid into nutritious sap, — and the flowers to produce seed 
by which the being propagates its race, — these several parts are 
termed the organs of which the plant is composed ; and the uses 
of these parts — the changes they perform — ^are called their 
/unctions. 

2. Now it is in the presence of these difi^erent organs that one 
of the chief distinctions exists, between those structures which 
possess or have ever possessed life, and dead inert matter. In the 
stone or the mass of metal, we perceive that every part is similar to 
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every other part ; it has the same structure, the same properties. If 
jt possesses the crystalline form, it may be reduced into an almost 
indefinite number of smaller crystals similar to itself; and as to its 
properties, the chemist cares not (except as a matter of convenience) 
whether he examines a single grain or a mass of a ton weight. 
Nay, of many substances, the properties are so peculiar that they 
can be recognised with certainty in quantities so minute as to be 
scarcely visible; thus, arsenic, when administered as a poison, 
has been detected after death in a quantity probably less than the 
hundredth of a grain ; and yet the experienced chemist has no 
hesitation in asserting that this minute crystalline metallic sub- 
stance is arsenic, because he recognises in it the same form and the 
same properties which a larger mass of that substance would 
exhibit. 

3. Far diflferent is it with regard to a Plant or Animal. These 
may be divided and subdivided ; but they then entirely lose their 
original character, for the parts or organs no longer bear any 
resemblance to the whole or to each other, either in form, struc- 
ture, or properties. Thus, then, we see that the bodies which 
are formed to exhibit those actions to which we give the general 
term of Life, are peculiarly distinguished from dead matter by 
the presence in them of a number of parts or organs^ distinct alike 
in their form, structure, and properties; hence such are called 
organized bodies. On the other hand, dead inert matter may be 
divided with any degree of minuteness into parts similar to each 
other in form, structure, and properties ; hence it is termed in- 
organic^ or destitute of organs. 

4. There is another peculiarity possessed by living beings in 
regard to their actions or functions. Some of these actions are 
governed by the same laws as those which operate on inorganic 
matter; the blood is propelled by the heart of an animal, for ex- 
ample, through its system of branching vessels, just upon the 
same principle that a forcing-pump drives water through the pipes 
which convey it over a large city. But the nature of the force is 
quite different. In the latter case it is merely mechanical. In the 
former it results from a property peculiar to orgauized structure, 
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and especially manifested in that form of it which is called 
muscle; — the property, namely, of contracting, when a stimulus or 
irritation is applied to it. This and many other properties, there- 
fore, which are exhibited by organized structures, and to which 
we see nothing analogous in inorganic matter, are termed vital ; 
and it is by the operation of these properties, that the series of 
changes is produced, which constitutes the Life of any organized 
being, whether Plant or Animal. Thus the heart has the property 
of contractility, which, when exercised, causes its contraction ; — 
the eye has the property of receiving the impressions of light, 
which, when exercised, causes sensation ; — and so on. 

5. It may be asked, — whence do these peculiar properties 
arise? Are living bodies composed of different elements from 
those which exist around us in the form of dead matter ? Or are 
the elements the same, in a different state of combination ? And 
can we attribute the peculiar properties of organized tissues to the 
peculiar state in which their particles exist ? 

6. To this it may be replied, that there is no element entering 
into the composition of organized bodies, which is not also found 
in the world around ; and further, that their chief elements are 
very few in number, compared with those which we find else- 
where. But the state of combination in which they exist is 
altogether peculiar, and such as the chemist cannot imitate, any 
more than the mechanic can imitate the arrangement of their 
parts. In fact, every organized structure with which we are ac- 
quainted, had its origin in another, which produced a germ capable 
of living and growing, and of constructing its peculiar fabric out 
of the materials it derives from the inorganic world; and this 
again was produced by a former one ; — and so on, 

7. We perceive, therefore, that the living organized beings 
which we now witness around us, being all the descendants of 
others, whose succession we might trace backwards to their first 
parentage, their actions are as much the results of the general 
laws which the Creator of all impressed on the frame of His first- 
formed creatures, as are the movements of the planets round the 
Bun, of the laws which He impressed on them, when He first set 



GENERAL CHARACTERS OF LIVING BEINGS. 1? 

those glorioos spheres in motioii. These laws are continually 
maintained hy His superintending agency, without which all 
would he anarchy and confusion. 

8. It would seem to be a part of the exercise of those laws, 
that living heings should take from the inorganic world the mate- 
riaU of their structure,-8hould convert these into parts of their 
own fahric, — should endow these with properties similar to those 
which their previous structures possessed, — and should even pro- 
duce from them the germs of new structures, capable of perform- 
ing the same changes. Thus, the germ contained in the seed 
builds up the beautiful form and wondrous structure of the perfect 
tree, with scarce any other materials thaxt water and air ; and of 
these it not only constructs its own stem, leaves, roots, and 
flowers, but (what seems yet more extraordinary) it imparts to its 
seeds, which, when separated from it and dried up, seem as it were 
dead, the power of repeating for themselves the same operations. 
When once we imderstand it, however, as a general law, that it 
is a property of organized structures to produce the same, there is 
little difficulty in comprehending how; they impart to the elements 
they employ, properties so different from those which they pre- 
viously possessed. For we find in every case, that a change of 
combination in these elements is attended with a change in their 
properties. Thus an cicid (such as oil of vitriol) and an alkali 
(such as soda) have properties peculiar to themselves, and in many 
respects contrary ; but when"they are brought together, they unite 
into a new compound, which possesses a form and properties dif- 
fering, from those of either of its elements. Again, sulphiu:, nitre, 
and charcoal, when simply mixed together in certain proportions, 
form a product, gunpowder, which possesses properties very differ- 
ent from those of either of its elements. Thus, then, we see that 
there is nothing improbable in the supposition, which all analogy 
supports, that the properties peculiar to organized structures de- 
pend upon the peculiarity of their constitution ; and this peculiarity, 
which the chemist and the mechanic alike fail to imitate, resultis, 
as we have seen, from the general law, — that organized structures 
can only take their origin from beings already possessed of life. 
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9. One more preliminary consideration must be adverted to^ 
before we quit these general views. The properties of organized 
bodies require certain conditions for their operation. Thus, a 
seed, which possesses vital properties in a dormant or inactive 
condition, and which may retain these for hundreds or even 
thousands of years, if placed in favourable circumstances so to do, 
begins to germinate or grow, as soon as it is submitted to the 
proper degree of warmth, moisture, and air. These, then, are 
the conditions requisite for those changes which we call its Life; 
for the dry inactive seed can scarcely be said to be a^ive ; though, 
on the other hand, it certainly is not dead^ since it possesses 
those properties or capabilities which enable it to live when placed 
in favourable circumstances. Again, supppose a plant to be ac- 
tively vegetating under the influence of light, warmth, and 
moisture, and it be suddenly deprived of all these, — by being car- 
ried, for example, into a cold dark cellar ; — all its vital processes 
receive a check, and it either dies, or, if sufiiciently hardy to 
sustain the shock, it remains inactive until the necessary conditions 
be renewed. These conditions are technically called the stimuli 
to vital actions ; and thus we see that Life is the result of the 
operation of these stimuli upon organized structures possessed of 
peculiar properties. In attempting, therefore, to understand the 
history of Vegetation, we have three things to consider ; in the 
first place, the nature of the structure of plants ; next, the pro- 
perties which their several kinds of structure respectively possess ; 
and lastly, the operation of various external stimidi upon these 
properties, so as to produce vital actions. 

10. In considering the history of Animal Life, exactly the 
same course will be gone through ; but there will then be an ad- 
ditional subject to be treated of; namely the internal stimuli, 
arising from the wiU of the being, which cause those actions that 
are termed spontaneous^ since they have no direct dependence upon 
external stimuli, but originate in the animal itself. In the history 
of Man, these actions evidently form a large part ; but in the 
lowest animals they are very obscure, and can often scarcely be 
distinguished from the actions of plants. But even in man we 
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hare no difficulty in recognising a great number of actions ana- 
lagoas to those which constitute the whole life of plants. Thus 
the absorption of food, its conversion into a nutritious fluid, the 
circulation of this through the system, its purification by exposure 
to the air, and the formation from it of new structures or the 
reparation of the old, — are all actions over which the mind and 
will have no direct controul, which go on quite independently of 
it, and which may be regarded as perfectly analogous to the same 
functions in plants. Hence they receive the name of functions of 
vegetative or organic life ; whilst those of sensibility and power of 
spontaneous movement are termed functions of animal life, as 
being peculiar to that division of organized Nature. In fact it is 
by their presence or absence that the Animal or Vegetable cha- 
racter of a being must really be determined. For though the ex- 
ternal peculiarities of the higher kinds of Plants and Animals are 
quite sufficient to distinguish them from each other, yet there are 
many forms of the latter so low and simple, and so destitute of all 
that is regarded as peculiar to the Animal, that they cannot be 
readily distinguished from Plants. 

11. It is in these lowest forms of both kingdoms, that we re- 
cognize the nearest approach to inorganic matter. For we gradually 
lose, in descending the scale, nearly all appearance of distinct 
organs; so that the simplest plants — that, for example, which 
constitutes the Red Snow of Alpine and Arctic Regions (§ 48.)— 
instead of having stems, roots, leaves, and flowers, present us 
with apparently but a single organ, namely, a globular cell or 
little bag containing fluid. Even here, however, we shall subse- 
quently find that there is a distinction of parts; and that, whilst' 
the external siuface is destined to imbibe nutriment from the 
moisture and air around, the internal forms the germs by which 
this simple little being is multiplied to a prodigious extent. 
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GENEBiU< VIEW OF THE VEGETABLE KINGDOM. 

12. When we examine, however cursorily, the nature of the 
Plants around us, we at once perceive that their growth and suc- 
cession are regulated by certain laws. Thus we observe that all 
have a period of life to which they are more or less closely limited. 
Many of our commonest cultivated vegetables, — the Com, the 
Beans, the Turnips of our fields, and many of the plants which 
enrich our gardens with their flowers, — ^live but for a single sum- 
mer ; springing up from seed, uprearing a lofty stem, putting forth 
expanded and luxuriant foliage, and unfolding gay and numerous 
blossoms, and finally withering away and undergoing complete 

"^ decay, in the course of a few months. In others, on the contrary, 
/^the duration of life is so great that it seems to be unlimited; but 
there is good reason to believe that the forest trees which lift their 
massive steins to the light of day through a succession of many 
hundred years, have an appointed limit to their lives as regular as 
that of man, — varying, like his, in individual cases, according to 
the circumstances of each. Every plant, then, has a period al- 
lotted by the great Creator of all, for its springing firom seed, the 
imfolding of its leaves, the expansion of its blossoms, and its 
subsequent death and decay ; but while death is the lot of each 
generation that " cometh up and is withered," the perpetuation of 
the race is accomplished by another law, which provides for the 
production by each individual, before its own dissolution, of the 
germs of new individuals, from which plants may arise, that go 
through their allotted period of life, and in their turn decay after 
producing the germs of a succeeding generation. 

13. Now besides these evident laws, another may be detected 
by a little observation, — that the beings produced from these 
germs are in every essential respect similar to their parents ; and 
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that thus, after many thousands of generations, ererj plant or 
tree of the present day, may be r^arded with certainty as haying 
had a representative, at the period of the creation of the vegetation 
which now clothes oar globe. The exceptions which may seem 
to exist in regard to this law are so in appearance only. The seeds 
of any particular kind of Apple, for instance, will not produce 
the same kind with any certainty, but are as likely to give origin 
to trees that shall bear very different and far inferior fruit. The 
same be said of the cultivated Dahlia, which presents so many 
beautiful varieties of colour ; the seed of a white flower is not 
much more likely to produce white Dahlias, than one with yellow 
or purple flowers. 

14. But in these and many more such instances, the different 
kinds are first produced by the influence of cultivation only, and 
had all originally but one stock ; and it is this stock, common to all 
kinds, which the seed has a tendency to perpetuate, rather than 
any one of the varieties which have been obtained from it by the 
art of man ; and we never find any tendency to produce a plant 
of an entirely different kind. Thus, the sour Crab is the stock of 
all the rich and delicate varieties of the Apple ; and if the seeds 
of any of these be sown in a poor soil, the plant will bear fruit 
resembling that of the original ; but still it will be an Apple, and 
never a Pear or a Quince, or any other of the kinds most nearly 
allied. In the same manner, the original stock of the Dahlia is a 
plant having a very ordinary yellow flower, with but one circle 
of coloured leaflets ; but by the influence of cultivation the number 
of these circles is much increased, and the colours are deepened 
and enriched, as well as almost infinitely varied. The seeds of 
any of these, however, when sown in a poor soil, will produce a 
plant resembling the original parent; and thus it isf seen that 
there is no real exception in such cases to the general law, — that the 
form of the species or distinct kind is propagated without any im- 
portant alteration through successive generations ; so that we may 
regard all the tribes of plants, really distinct from one another, as 
having existed in nearly the same form since their first creation. 

15. The Naturalist, then, regards as distinct species those 
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races of Plants, the differences between which are evident, and 
are such as are not likely to have resulted from cultivation or any 
other external cause, and do not exhibit any tendency to alteration 
in progress of years. Such, for example, are those between the 
Apple and Pear among Plants, or the Dog and the Fox among 
animals. Among all the varieties of the Apple, different as they 
are from one another, there is none which exhibits any close re- 
semblance to the Pear ; and of all the kinds of Pear, there is none 
which so &r loses its distinguishing characters as to show any 
great similarity to the Apple. And yet among the varieties of the 
latter, there are kinds more different from each other in size, 
shape, colour, flavour, &c. than some of these differ from the 
Pear; but while all these show a marked tendency to change 
under different circumstances 6f growth, the internal differences 
between the Apple and Pear never exhibit any such tendency, 
but remain constant through all the varieties of each. I'he same 
may be said of the Dog and the Fox ; for, though some varieties 
or breeds of the former seem to differ from each other more than 
from the Fox, yet these differences are liable to disappear altogether 
when the animals return to a wild state, all merging in a form 
most nearly resembling that of the shepherd's dog; whilst the 
differences between the Fox and the breeds of Dog most nearly 
allied to it are constantly manifested. 

16. On the other hand, the Naturalist regards as varieties of 
the same species Plants and Animals, in the various specimens of 
which, however dissimilar they may be, the points of difference 
exhibit such a tendency to variation, that the one kind passes, as 
it were, into the other. Thus, the Gh^eyhound and the Bull- 
Dog would be regarded as springing from originally different 
stocks, if we did not meet with intermediate forms of the Dog 
which blend the peculiar characters of both. And the Primrose, 
Cowslip, and Polyanthus have been regarded as distinct species, 
so considerable are their differences in form and structure ; but 
the Botanist is now aware that many forms exist which are inter- 
mediate between these, and that all may be raised from one stock. 
The same is the case with many other kinds of Plants. ■ 
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17. This explanation will, it is hoped, make the meaning of 
the term «^eie« understood; and it is very desirahle that clear 
notions on the subject should be acquired by the student of Natural 
History at the very commencement of his attention to the pursuit. 
It is computed that from 70,000 to 80,000 distinct species of 
Plants have been collected by Botanists from the surface of the 
globe ; and probably at least as many more remain to be discover- 
ed. It is obvious that an acquaintance with the structure and 
characters of such a vast number of diflFerent races will be rendered 
much easier by classifying or arranging them, — ^placing those to- 
gether which have a greater or less amount of general resemblance ; 
and separating others according to their amount of difference. It is 
only in this manner, indeed, that any one, within the compass of 
a single life, can become master of the whole. In making such an 
arrangement, those species are first assembled into a group, termed 
SL^enus, which resemble each other in all the more important 
particulars, and differ only in minor details. For example, the dif- 
ferent kinds of Roses among plants, and the Lion, Tiger, Leopard, 
and other species of the Cat kind among animals, are considered 
as belonging to the same genus, — their points of agreement being 
fax more numerous than those of difference. Several genera may, 
in like maimer, be united into a family • the various members 
of which have a common resemblance, though with many sub- 
ordinate differences. By continuing to pursue the same plan, we 
form divisions of greater and greater extent ; until we are at last 
brought, by uniting subordinate ones, to the primary divisions 
into which the whole kingdom may be at once distributed, each 
of which exhibits a large number of very dissimilar groups, still 
united together by some common points of general resemblance. 

18. Perhaps an illustration may make this subject better un- 
derstood. If we were to examine the people of any nation in 
which there had been but little intermixture among its different 
tribes, (as was formerly the case in Scotland in regard to the 
clansyj we might find a group of persons resembling each other so 
strongly in countenance, manners, form of speech, &c. and dif- 
fering so much from all around them, that we should have little 
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doubt that they belonged to one family ; and, going further, we 
might meet with several such groups, each containing several in- 
dividuals, and each differing in other characters from the rest* 
But if we were to bring these families together, we should proba- 
bly be able to trace more general and less marked resemblances 
among certain of these, which would lead us to associate them 
in clans, each of them including many families distinguished by 
certain points of similarity to one another, — as, for example, a 
strongly-marked feature or a peculiar dialect, — whilst difiering in 
these same points from those of the remaining clans, aud also 
differing from each other in minor points. Again, among these 
clans we might find some resembling each other and differing from 
the rest in their complexion or language, and thus forming tribes 
into which the whole nation might be subdivided. And, lastly, 
this nation would have certain points of conformity with those 
inhabiting the same quarter of the globe, whilst yet differing still 
more strongly from them than its own tribes do amongst each 
other; and those inhabiting different quarters shall still more 
widely differ from each other, in general conformation, com- 
plexion, language, habits, &c. whilst still exhibiting those cha- 
racters which are peculiar to many and which separate hi^i from 
all other animals. 

19, The primary division of the Vegetable Kingdom is into 
Phanerogamia or Flowering-plants, and Cryptoqamia or 
Flowerless-plants.. Though these designations are not strictly 
correct, they serve to indicate sufficiently well the character of 
the tribes to which they respectively apply. To the former 
division belong nearly all cultivated vegetables, — the whole of the 
forest-trees both of our own and other counlries, — and a very 
large proportion of the vegetation that naturally covers the surface 
of the earth in temperate and warm climates. Many of the tribes 
contained in it, however, produce no distinct blossom ; but these 
possess the essential parts of the flower (as will be hereafter 
explained), and form that perfect seed which is characteristic 
of this division. In all the Phanerogamia, (save in a few ex- 
ceptions which stand, as it were, on the border of the division, 
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and connect it with that of Cryptogamia, of which they exhibit 
some of the characters,) we find a certain number of distinct 
parts, — such as the stem, roots, leaves, and flowers; and the 
germs by which they propagate their race come to an advanced 
state before quitting the parent, and are furnished with a store of 
nourishment by which they are afterwards assisted in their 
growth. The 9eed of these plants is, therefore, a complex 
structure ; and the young plant shoots from it in a certain 
determinate manner. 

20. In the Cryptooamia, on the other hand, the parts con- 
cerned in the reproductive process are much less evident, and the 
germs which they form are much less matured when they quit the 
parent structure. In the Mosses, Ferns, Sea-Weeds, &c. no 
ie&U are produced : but a number of small particles are liberated, 
which are termed spores ; and each of these contains within it 
several minute germs which spring from it without any particular 
regularity, and which are not assisted in their growth by any such 
store of nutriment as that provided in the seed. The absence of 
this is a very important character ; for it seems an universal law of 
Nature, that the higher the grade a living being is ultimately to 
attain, the longer is the period during which it is assisted, either 
directly or indirectly, by its parent, during the early stages of its 
growth. Thus Quadrupeds, which brmg forth their young aUve, 
and maintain them afterwards by suckling, are higher than Birds 
which produce them, in the first instance, in a state fiir less ma- 
ture. And Man, who in his adult age rises fiir above all other 
animals, is longer dependent upon his parent during the period of 
infancy. 

21. The embryo of the flowering-plant, contained in the 
mature sefed, is so far advanced at the time of quitting its parent, 
that it possesses one or two distinct leafy bodies, termed cotyledons^ 
which, when the seed begins to germinate (as it is called) are 
pushed up to the sur&ce of the ground, and there turn to a green 
colour, and perform all^ the functions of true leaves, until these 
make their appearance. Now of all trace of these, the embryo of 
the flowerless-plant is entirely destitute ; and the whole group is 
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hence spoken of as acotyledonous. On the other hand, of the 
Flowering-plants some possess one and others two cotyledons ; and 
this difference in the structure of the seed is accompanied by so 
many other differences in the structure of the stems, the leaves, 
flowers, &c« that it serves to mark the two principal subdivisions 
of this portion of the Vegetable Kingdom. That in which only 
one cotyledon exists is termed Monocotyledonous ; and that in 
which there are two, Dicotyledonotis. The common Bean or Pea 
will serve as a characteristic illustration of the former ; and the 
Wheat and other Grass-seeds, of the other. 

, 22. The general aspect of the Flowering-plants is sufficiently 
well known to render a more minute account of them here un- 
necessary ; since the object of this preliminary view of the Vege- 
table Kingdom is to render the student, who may have been pre- 
viously entirely ignorant of the subject, prepared to enter with 
advantage on that detailed description of the mode in which the 
several tribes grow and reproduce themselves, which it is the 
object of the Physiological portion of this volume to communicate. 
A fuller sketch of the principal divisions of the Cryptogamia will, 
however, now be given, as few ordinary observers bestow much 
attention on them. 

23. Of all the Cryptogamia, the Ferns approach most nearly 
to Flowering Plants. The general aspect of those inhabiting this 
and other temperate countries is well known. They present a 
small number of leaves, — generally much divided into leaflets, and 
these again often minutely subdivided, — each arising &om the 
ground by a woody stalk, which is conimonly regarded as the stem 
of the plant. The true stem, however, is buried beneath the 
ground, or sometimes creeps along its surface ; and the branches 
it sends upwards into the air are really the leaf-stalks. (Fig. 1.) 
In many Ferns of tropical climates, the true stem rises upright, 
like that of a tree, and bears at the top a beautiful crown of those 
peculiarly graceful leaves for which the Ferns are remarkable. 
The height of these Tree Ferns, which are most luxuriant in the 
small islands, where they are furnished with a more regular sup- 
ply of atmospheric moisture than they can obtain at a greater 
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Fig. 3. Tree Fern. 



distance from the sea, is sometimes as much as 40 or 45 feet ; so 
that we must not judge of the whole race by the comparatively 
insignificant specimens which our own climate affords. Thexe 
st«mg do not, however, afford any wood suificiently solid to be 
employed in the arts. (Fig. 2.) 

24. The organs of reproduction in Ferns have no evident 
analogy with the flowering system in higher plants. Nothing like 
a flower is ever seen in this group ; and the fructification is in- 
corporated, as it were, with the leaves, — being generally found, 
when mature, in brown spots or lines on their under surface 
or at their edges ; the nature of the organs composing these will 
be hereafter describedj In most Ferns, all the leaves are con- 
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cemed in producing the fructification ; but in some (of which the 
Osmunda regodia^ or Flowering-Fern as it is commonly but incor- 
rectly termed, is an example) certain leaves are devoted to the 
production of the fructification, and are termed fertile ; whilst 
others only perform the usual functions of leaves, and are called 
sterile leaves, from the absence of reproductive power in them. 
The term /rand is generally applied to the leafy portions of the 
Cryptogamia, as distinguishing them from the true leaves of 
Flowering Plants, which have only one set of offices to perform. 
Sometimes the fertile fix)nd of Ferns altogether loses its leafy 
aspect, its edges being completely rolled in so as to inclose 
the fructification ; and this separation of the reproductive from 
the nutritive portion of the system^ is as complete as any which 
the Cryptogamia exhibit, 

25. One of the most interesting peculiarities of the Ferns is 
the spiral mode in which its leaflets and leaves are rolled up before 
their first appearance ; each leaflet being rolled up towards the 
rib which supports it, — ^the ribs again towards the midrib, and the 
midrib towards the footstalk. The unfolding leaves, in a state 
closely resembling those represented at the top of Figure 2, may 
constantly be seen during spring in spots frequented by this group ; 
and, when examined, display the most provident and beautiful 
arrangement of the numerous minute parts of which the whole leaf 
consists. Few common objects, indeed, are more interesting than 
this, which requires neither skill nor the assistance of instruments 
for the detection of its beauties. 

26. Although Ferns constitute but a comparatively small part 
of the present vegetation of this country, they must have been 
much more abundant in a former period of the earth's history, 
especially at the time when the beds of coal were being formed ; 
since their remains now constitute by far the largest part of those 
which are preserved to us with tolerable perfection in a fossil 
state. This is partly due, however, to the remarkable power 
which these plants possess, of resisting the action of water ; by 
which other plants and trees were decomposed, — their remains 
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haTing contribnted to form those iounaiae manes of Coal, which 
are so important to man, not only for his personal comfort, bat 
for the arts of life. The Fenu are able to withstand the effects 
(^ eren a rei; prolonj^ immersion in water, with scarcel; any 
diaoge ; whilst not only the soft tisaoe of plants, but the heart- 
wood of most trees, decays so completely under the same circum- 
stances as to leaTe little or no traces of thdr character. In tro- 
pical islands, the Ferns constitute a most important part of the 
whole Tegetation; being eqnal in number, in the Sandwich 
ttlaiids, to one-fbnrth, and in Jamaica to one-ninth, of all the 
flowering plants existing in each of these localities. 

27- The next prinrapal group of Cryptogamia, that of Moufi, 
is as interesting from the deUcacy and minuteness of all the plants 
composing it, as other tribes of the Vegetable Kingdom are for 
the majesly of their forms, or the vast extension of their foliage. 
These are so generally and easily recognized as such, that a minute 
description of them is at present unnecessary ; but it should be 
stated that the term Mom is commonly applied Dot only to the 
true Mosses, but also to many Idchens. The true Mosses, however, 
are always to be known by the green colour they possess except 
when dried up, while the Lichens are usually greyish in their 
aspect. Mosses usually possess 
a sort of stem, round which 
the minute leaves are arranged 
irith great beauty and regu- 
larity; but neither this stem, 
nor the leaf-stalks of the leaves, 
have any truly woody structure j 
«od they more closely resemble 
the simple tissue of the lowest 
plants, than the complex &brio 
of those already noticed, to 
which they seem to bear a 
greater resemblance in external 
ibrm. Mosses do not, like 
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Ferns, bear their fructification upon the leaves or modifications of 
them ; it is inclosed in a little case or um^ which is furnished 
with a lid, and is borne on a long distinct stalk, so as to be very 
easily observed when full-grown. The interior of this minute 
organ usually contains a structure of great beauty, which will be 
hereafter described in detail ; but it is interesting to know that it 
was by the contemplation of this that the heart of Mungo Park, 
the African traveller, was revived, when the difficulties by which 
he was surrounded had almost extinguished hope within him. 
. The passage has been often quoted ; but, it may be hoped, never 
without its use ; and it does not seem superfluous to introduce it 
here. 

28. This enterprising traveller, during one of his journeys into 
the interior of Afirica, was cruelly stripped and robbed of all that 
he possessed by banditti. ^^ In this forlorn and almost helpless 
condition," he says, "when the robbers had left me, I sat for 
some time looking around me with amazement and terror. Which- 
ever way I turned, nothing appeared but danger and difficulty, 
I found myself in the midst of a vast wilderness, in the depth of 
the rainy season, — ^naked and alone, — surrounded by savage ani- 
mals, and by men still more savage. I was five hundred miles 
from any European settlement. All these circumstances crowded 
at once upon my recollection ; and I confess that my spirits began 
to fail me. I considered my fate as certain, and that I had no 
alternative but to lie down and perish. The influence of religion, 
however, aided and supported me. I reflected that no human 
prudence or foresight could possibly have averted my present suf^ 
ferings. I was indeed a stranger in a strange land, yet I was still 
under the protecting eye of that Providence who has condescended 
to call himself the stranger's friend. At this moment, painful as 
my reflections were, the extraordinary beauty of a small Moss 
irresistibly caught my eye ; and though the whole plant was not 
larger than the top of one of my fingers, I could not contemplate 
the delicate conformation of its roots, leaves, and fruit, without 
admiration. Can that Being (thought I) who planted, watered, 
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and brought to perfection, in this obscuie part of the world, a 
thing which appears of so small importance, look with unconcern 
upon the situation and sufferings of creatures formed after his own 
image ? Surely not. — Reflections like these would not allow me 
to despair. I started up; and disregarding both hunger and 
fatigue, travelled forwards, assured that relief was at hand, and I 
was not disappointed." 

29. Mosses are found in all parts of the world in which the 
atmosphere is moist ; but they are far more abundant in temperate 
climates than in any between the tropics. They are among the first 
vegetables that clothe the soil with verdure in newly-formed coun- 
tries ; and they are the last that disappear when the atmosphere 
ceases to be capable of nourishing vegetation. The first green 
crust upon the cinders with which the surface of Ascension Island 
was covered, consisted of minute Mosses. This tribe forms more 
than a fourth of the whole vegetation of Melville Island, one of 
the most northerly spots in which any plants have been observed ; 
and the black and lifeless soil of New South Shetland, one of the 
islands nearest to the South Pole, is covered with specks of Mosses 
struggling for, existence. 

30. Besides their power of resisting extremes of temperature, 
Mosses exhibit a remarkable tenacity of life, when their growth is 
checked by the absence of moisture ; so that they may often be 
restored to active life, even when they have been dried for many 
years. Hence they offer abundant sources of interest to the ob- 
server of Nature, at a season when vegetation of other kinds is 
almost entirely checked. For it is most curious to observe how 
.ggj these little Mosses are on every wall-top during the winter 
moBllw, and in the early spring, — almost, or perhaps the only 
things which seem to enjoy the clouds and storms of the season. 
They choose the most exposed situations, spread out their leaves, 
and push up their delicate urns, amidst rain, frost, and snow, 
and yet there is nothing in their simple and tender structure from 
which we could infer their capability of resisting influences so 
generally destructive to vegetation. But it is with Plants as with 
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Animals.— The more simple and lowly the being, the greater is 
usually its tenacity of life under circumstances which depress the 
vital powers of higher kinds; whilst the influences which they 
require are often too powerful for it. Thus, Mosses and Lichens, 
overstimulated by heat and dryness, wither away in summer ; but 
v^etate freely at a season when there is no other vegetation, aad 
when their humble fabrics cannot be overshadowed by a ranker 
growth. 

31. Mosses were fancifully termed by Linnaeus, servi^ servants 
or workmen ; for they seem to labour to produce vegetation in 
newly-formed countries, where soil can scarcely yet be said to be. 
This is not their only use, however. They fill up and consolidate 
bogs, and form rich vegetable mould for the growth of larger 
plants, which they also protect from cold during the winter. They 
likewise clothe the sides of lofty hills and mountain- ranges ; and 
powerfully attract and condense the watery vapours floating in the 
atmosphere, and thus become the living fountains of many 
streams. They are sometimes so completely dried up by drought, 
that they escape notice ; and then, when moistened by rain, they 
appear to have suddenly clothed a barren heath or overspread a 
dry wall witii verdure, on which, however, they really existed 
before. 

32. Closely connected with the Mosses is the tribe of ZeW- 
wortSy the lower forms of which are nearly connected with the 
Lichensu Some of them differ but little in their general cha- 
racters from Mosses, being distinguished by certain peculiarities of 
fructification. Others, however, have no distinct stem or separate 
leaveij; but extend horizontally into a flat leaf-like expansion; 
the fructification is sometimes elevated above this on a little stalk ; 
but in the tribes most nearly allied to the Lichens, it is imbedded 
in it, as it is in that group. Their general habits closely resemble 
those of the Mosses* Their leafy expansions are soft and green ; 
differing much, therefore, from the dry scaly crusts of the Lichens. 
They are capable of reviving, like the Mosses, after being dried 
up ; and, from the rapidity of their growth, and a peculiarity in 
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their mode of propagation, they &re often seen to spread orer a 
damp BurfUce with great rapidity. One of 
the most common species is dteMarchantia 
pdyriMTpha, which will be often referred to 
in this treatise, on account of the many 
interesting &cts which the atteutire study 
of it has disclosed. It ia usually found 
growing on moist surfaces, and often where 
there is little or no soil ; it is very common 
in the chinks between pariug-stones in 
unirequented places, and on the surface 
Kgi 4. of the earth contained in garden-pots, as 

one 0/ thB'Mmm^t''^f ^'^ "!»» ^^^ "'»''^h ^^^ *°y '^"^ "^ 
Ihe Liverworts. kept constantly damp. 

33. Besides the regular fructilicatioii, this little plant has a 
very curioiis apparatus for the production of small leafy bodies, 
which may be j'egarded as buds, and which spontaneously separate 
from the parent structure and develope themselres into new be- 
ings. As these, when matnre, are liable to he washed out of 
their receptacle by i^n, and to be carried to different parts of the 
neighbouring surface, and as they grow very rapidly whilst sup- 
plied with moisture, the rapid extension of the plant under such 
drcomstances is easily accounted for. The little receptacles, of a 
basket form, in which these are produced, may be generally seen 
in some stf^ of their growth on the upper side of the leafy ex- 
paasiou of which the plant consists ; and they constitute beautiful 
objects for a low minifying power of the microscope. The hud- 
like bodies, having the form of flat disks like coins, may often 
be se«a to grow whilst still contained in their receptacle, and eren 
to onite themselves, as it were, with the parent plant. 

34. The group of Cryptogamjc plants termed Lichen* are 
mostly dry, hard, scaly crusts, destitute of leaves and stems, and 
even of any thing bearing a resemblance to them ; they grow upon 
bare walls, the trunks of old trees, and other such situations, in 
which they are much exposed to light, and not abundantly sup- 
plied with moisture. In their general structure they nearly 
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approach to the Sea-weeds ; and differ from them chiefly in being 
adapted to live in air instead of in water. The dry hard crust is 
usu^dly of a greyish colour ; its upper 
surface, being exposed to the light 
and warmth of the sun, perfomiB the 
functions of leaves ; whilst from be- 
neath it there proceed a numhet of 
1. minute hfur-Iike filaments, whichserve 
I both to fix it by clin^g to the sab- 
' stance on which it ^wg, and also, 
it may be beliered, for the absorption 
of fluid — the chief uses ofthe roots in 
Pftrmelift perforatft, the Flowering- Plants, Lichens are 

Llohon with prqjeciiog shields, among the slowest in growth of all 
plants, and the least subject to alteration from decay. Whilst 
alive, they scarcely exhibit any change through a long series of 
years; and when dead, their forms and colours are scarcely 
altered by being dried. 

36, There can be no doubt that the greater part of this (ribe 
derive their nourishment from the atmosphere and its contained 
moisture alone ; flourishing as they do npon sterile rocks, without 
a particle of soil or mould in their neighbourhood. There are 
many species which ordinarily grow upon the trunks of trees ; and 
these are commonly spoken of as Mosses, — but incorrectly so. 
The shaggy appearance of the apple-trees of an old Orchard is in 
general entirely due to Lichens, althongh a few Mosses may 
sometimes be found among these. Of such Lichens, by for the 
greater part vegetate indifferently on aU kinds of trees, and they 
floiuish equally well npon a damp wall; so that there is no rea- 
son, to suppose that they derive any more nutriment from the 
stems on which they grow, than is afibrded by the moisttire 
oovering Uieir surface. There is no doubt, however, that some 
trees are much more tavouiable to their growth than others. 
Thus, the Beech, Elm, Sycamore, and Lime, are compaia- 
tively seldom found infested with the common Beard-mou, which 
clothes so profusely the Fir, Ash, Oak, or Birch ; so that the 
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poet's epithet of '^rude and moss-grown beech" is by no means 
appropriate. 

36. The fructification of the Lichens is not much raised above 
the general surface, but is usually imbedded in certain parts of it, 
somewhat differently formed from the rest, and termed shields. 
The early growth of these plants is favoured by darkness ; but 
for the ripening of the reproductive bodies a considerable quantity 
of light is required. The development of the shields, which takes 
place under its influence, is frequently accompanied by so great 
a ohange in the general appearance of the plant, that the same 
species growing in dark and moist places, in which the fructifica- 
tion was not evolved, has been considered to belong to a distinct 
kind from the perfect specimen. No true Lichens are ever found 
in mines, caverns, or other places deprived of light; nor are 
there any that grow entirely under water, although some species, 
which connect this group with the Sea-Weeds, grow on the sea- 
shore, where they are alternately submersed and left dry by the 
tide. 

37* To the Lichens may well be applied the title of Vemacidt\ 
or bond-slaves, which Linnaaus fancifully gave to the Sea-Weeds^ 
regarding them as fettered to the rocks on which they grow. For 
the Lichens seem as it were chained to the soil which they labour 
to improve for the benefit of others, although they derive no 
nourishment from it themselves. The mode in which they pre- 
pare the sterile rock for the reception of plants which require a 
higher kind of nourishment, is most remarkable. They may be 
said to dig for themselves graves, for the reception of their re- 
mains, when death and decay would otherwise speedily dissipate 
them. For whilst living, these Lichens form a considerable 
quantity of oxalic acid, (which is a peculiar compound of carbon 
and oxygen, two ingredients supplied by the atmosphere ;) and 
this acts chemically upon the rock, (especially if of limestone,) 
forming a hollow which retains the particles of the structure,- when 
their term of connected existence has expired. The moisture 
which is caught in these hollows finds its way into the cracks and 
crevices of the rocks; and, when frozen, rends them by its 
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expansion into minute fragments, and thus adds more and more 
to the forming soil. Successire generations of these bond- slaves 
continuously and indefatigably perform their duties; imtil at 
length, as the result of their accumulated toil, the barren and in- 
sulated rocks, or the pumice or lava of the volcano, become con- 
verted into fruitful fields. For when Flora's standard has once 
been planted on tracts thus claimed, they are soon colonized by 
plants of other tribes. The Mosses, Ferns, and other Crypto- 
gamia follow them; and at last, by the growth and decay of 
successive generations of plants, a sufficient thickness of soil is 
produced for the nourishment of the luxuriant herbage and the 
support of the lofty forest-tree. And thus, by the labours of these 
apparently insignificant plants, men are enabled to reap their 
harvest, and to supply themselves with timber from the forests, 
and cattle increase and multiply, on what was formerly but a 
naked and desolate rock. 

38. One of nature's truest though least attractive delineators 

has thus faithfully described such a process as it occurs on ruined 

buildings. It should be remarked, however, that the terms seed^ 

foliage^ and flower^ are not strictly correct as applied to the 

Lichens, which have none of these. 

'* Seeds to our eyes invisible, will find 
On the rude rock the bed that fits their kind ; 
There in the rugged soil they safely dwell, 
Till showers and snows the subtle atoms swell, 
And spread th* enduring foliage ; then we trace 
The freckled flower upon the flinty base ; 
These all increase, till in unnoted years 
The stony tower as grey with age appears, 
With coats of vegetation thinly spread, 
Coat above coat, the living on the dead. 
These then dissolve to dust, and make a Way 
For bolder foliage, nursed by their decay : 
The long-enduring ferns in time will all 
Die and depose their dust upon the wall : 
Where the wing'd seed may rest, till many a flower 
Shows Florals triumph o'er the falling tower. ''^ 

Crabbb's Borough. 
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39. Besides this important office in the economy of Nature, 
some of the Lichens are peculiarly useful to man, on account of 
the valuable dyes they afford him. The blue dye termed Archil 
or Litmus, which is changed to a bright red by the action of 
acids, is obtained firom a species of Lichen growing in the Canary 
islands ; and many other species not at present regarded might 
probably be converted with advantage to the same use. To the 
Laplanders the tribe of Lichens is of peculiar utility ; indeed on it 
they depend for their subsistence. For though it is not an article 
of their own diet, a humble Lichen commonly known as the Rein- 
deer Moss supplies the animal, on which they depend for almost 
all their means of existence, with food throughout their dreary 
winter, its vegetation not being checked by the snow beneath 
which it grows. A species of Lichen growing on the rocks of the 
Arctic regions of North America, has afforded subsistence for 
many days to some of the adventurous explorers of that desolate 
country, when other provisions could not be obtained. 

40. The group of Algoe^ or Sea- Weeds, includes the very 

lowest forms of vegetable organization ; but it also comprehends 

some plants whose structure possesses great complexity. The Algas 

maybe considered as Lichens formed to exist in water; their 

general structure, and the arrangement of their parts being much 

alike. The hard scaly crust of the Lichens, formed under the 

influence of the sun and air, and never attaining any great extent, 

seems to bear a remarkable contrast with the immense leaf-like 

expansions, composed of soft, easily decomposed tissue, presented 

by the Algae ; yet wherever any of the former group inhabit damp 

shady places, their character much approaches that of the latter ; 

and in regard to some plants, it is difficult to fix the group to 

which they belong. Although the term Sea-Weed is that usually 

considered equivalent to Algae, it should be understood that the 

class includes many species which are inhabitants of fresh water. 

Of this kind are the Confervoe^ — the long green hair-like filaments 

of which are almost constantly found attached to stones at the 

sides or bottom of running streams. These are among the simplest 

forms of vegetation. Each filament consists of a single row of 
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minute cells or vedcles, attached to each other 
I end to end. Each of these vesicles is capable of ' 
. growing by itself, and of reproducing its kind; 
Al for at a certain period a minute orifice appears in 
(I its walls, from which issue forth some of the 
[ little green particles it cont^ns; and these be- 
l come the germs of new plants of the same de- 
I sciiption. 

The higher kinds of Algte inhabit Sea- 
water only. They often assume the forms of more 
I perfect plants, presenting an appearance as of 
r roots, 8t«ms, and leares. But these parts have 
■ not those differences of structure which are cha- 
racteristic of them when truly formed, and which 
^ will be hereafter described ; on the contraiy, they 
^th leparate fita- all Gonust of the same kind of simple and similar 
ment magmfied. ^^^^ ^ ^^^ ^^ ^^ Conferva! ;-thB expanded 
leaf of a Sea-weed being com- 
posed, as it were, of a number 
of filaments of the Conferv® 
laid aide by side. The structure 
of these apparently different 
parts being thus so nearly the 
same, their functions or uses 
have an equal conformity j ■ for 
the root-like fibres at the bot- 
tom of the stem only serve to 
fix the plant to the rocks or 
stones to which it is its habit 
to attach itself, instead of ab- 
sorbing or sucking up nourish- 
interf^.tn.otr' ^ ""™"^'' ""* ment as in the flowering-plantS. 
The cause of this difference is obvious. Where the wkoU plant is 
constantly immersed in the fluid which afibrds it the materials of 
its growth, no one part of it need be speciaUy endowed with the 
power: and it will be hereafter shown (Chap. IV.) how strong 




n of Se«-weed having ^paieot- 

, . a etem mth looU and leases ; the 
■mall figore la a in^(Dlfied new of 
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the contrast is between the functions of the true roots of Flower- 
ing-plants and the root-like organs of the Algae. 

42. The higher Algae sometimes attain a prodigious extent of 
deyelopment, forming vast submarine forests of the most luxuriant 
i^egetation. Thus the Chorda Filum^ a species common in the 
North Sea, is frequently found of the length of 30 or 40 feet ; 
and in the neighbourhood of the Orkneys it forms meadows 
through which a boat forces its way with difficulty. It grows in 
the form of a long and eren cord (whence its name) about the 
size of a quill, attached at one end to the bottom or shore, and 
the rest supported by the water. This is .nothing, however, to 
the prodigious extent of the Macrocystis pyrifera^ which is reported 
to be from 500 to 1500 feet in length, the long and narrow fronds 
having an air-vesicle at the base of each, the stem not being thicker 
than the finger, and the upper branches from it as slender as common 
pack-thread. Another tropical species attains the length of 25 or 
30 feet, with a trunk as thick as a man's thigh. Sometimes these 
stems are solid, and sometimes hollow ; the tubular stem of one 
species of Laminaria, found near the Cape of Good Hope, has been 
used by the natives as a trumpet when dried. Another species 
furnishes the natives of some parts of Australia, with a large pro- 
portion of their instruments, vessels, and even of their food. 

43. The marine Algae differ much in their habits. Some 
species grow altogether beneath the water, attaching themselves 
below the lowest tide-level. Others fix themselves where their 
fironds may float on the surface, and be exposed in some degree 
to the direct influence of the air. Others again frequent a height 
at which they are left dry at every retreating tide ; and some are 
found in situations in which they are scarcely ever covered by 
water, thus approaching in habits, and in character also, to the 
Lichens. Although most attach themselves to rocks or other 
solid masses, frequenting the shores or shallows rather than the 
open sen, there are some exceptions, among which one of the most 
remarkable is the Sargasso or Gtdph Weed^ which floats on the 
surface of the ocean, in the Gulph of Mexico, and in the current 
which sets from it towards the north. Immense fields of it are 
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seen by the navigator, extending as far as the eye can reach, and 
conveying the idea of rocks and shallows, — dangers far distant. 
It is sometimes so abundant as seriously to interfere with the 
progress of the ship through the water; and it was this which 
alarmed the crew of Columbus, in his first voyage of discovery. 

44. The distribution .of different species through the ocean is 
influenced by latitude, by the depth of water, and by currents, 
nearly in the same manner as the higher plants are affected by 
temperature, elevation above the sea-level, and the conditions of the 
atmosphere as to dryness and calmness. Some species can thrive 
well under considerable variation in these conditions ; whilst 
others are dependant upon certain states of them for their exist- 
ence. The former, therefore, are extensively diffused, being 
found along many shores, whilst the latter are rarer, and only 
inhabit particular spots, in which these conditions are met with. 
Contrary to what might have been expected, — considering that 
the Algae do not imbibe any nourishment by the spreading root- 
like fibres which attach them to the solid masses of the shore, — 
it has been ascertained that they do not grow indifferently on all 
kinds of rocks ; but that if, for example, along the same line of 
coast, there be an alternation of limestone and granite rocks, 
some species will attach themselves in preference to the former, 
and others to the latter. This curious fact can only be explained 
by the supposition that small quantities of the mineral matter are 
dissolved by the water of the neighbourhood ; and that in this 
manner they act upon the plant. 

45. Of all tribes of plants, the Algae are commonly reputed 
the least useful ; in fact their inutility was proverbial amon^ the 
ancients. Yet neither in regard to the general economy of 
nature, nor as to the wants of man, are they to be so considered. 
They supply food to a large number of marine animals, which 
browse; upon them as those inhabiting the land do upon its most 
luxuriant pastures. Cattle have been very profitably fed on some 
species abimdant on the northern shores ; and even become so fond 
of this diet as greedily to seek for it. Many kinds furnish a whole- 
some and palatable food for man, and are employed by the poorer 
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classes along the shores of the North of Europe ; whilst others 
are reckoned a luxury by the rich. The Layer of this country, 
the Carrageen, or Irish Bog Moss (as it is erroneously called), 
and other edible substances, belong to this group ; and from 
other species of it are formed the edible birds'- nests which are con- 
sidered so great a delicacy by the Chinese, — the best being sold for 
nearly their weight in gold. These nests are constructed by a bird 
resembling the Swallow, which reduces the Sea- Weed in its stomach 
to a sort of gelatinous mass, before employing it for this purpose. 
46. But all these uses are comparatively trifling, when the 
other modes in which the Algae may be made beneficial to man are 
considered. The kdp^ from which until recently the glass-maker 
and soap-boiler derived most of the alkali which they required 
for their manufacture, is nothing but the ashes of Sea-weeds, 
which contain a laige proportion of this substance, derived firom 
the water in which they grow. Other means of obtaining soda 
from sea-water have now partly superseded this ; but unfil 
recently it was almost the only method. The account handed 
down by tradition of the mode in which glass was invented, 
whether it be itself true or false, serves to illustrate the properties 
of the Sea-weed. It is said that some sailors cast ashore by ship- 
wreck, having kindled a fire on the sand, supplied it with some 
dry sea-weed as fuel ; and that under the ashes a mass of vitrified 
matter was afterwards found, resulting from the union at a high 
temperature, of the soda of the sea-weed, with the silex of the 
sand. Many Algae also constitute a very valuable manure ; and 
might be much more used than they are. But one of their 
greatest benefits to man consists in the Iodine with which 
they supply him ;— a substance which is of the most important 
use to the physician in the treatment of many diseases, and which 
is a nearly certain cure for some which were formerly considered 
almost irremediable. One species, moreover, which abounds on 
the shores of China, furnishes a glue and varnish to the Chinese, 
even superior to that which is obtained from animal matter in 
this country. It seems, when once dried, to resist the action of 
water ; for it is employed to fill up the lozenge-shaped interstices 
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in the network of Bamboo of which windows are frequently 
constructed ; as well as to strengthen and yamish the paper of 
their lanterns. A species abounding on the southern and west- 
em coasts of Ireland furnishes a good size for house-painters ; and 
there are many others which contain an amount of gelatinous 
matter that might be rendered useful in various ways. 

47- Besides the tribes of whose character a sketch has been 
thus given, there are others of a doubtful nature, which are 
generally referred to this group ; although some peculiar charac- 
ters which they e^ibit, and their similarity to certain animal 
forms, render it doubtful whether they ought not to rank with 
that kingdom. They are mostly f6rmed of cells jointed together, 
as the Confervas ; but some of them seem to possess a different 
interior structure ; and others exhibit very curious motions, which 
can scarcely be distinguished with certainty from those of animals. 
In one of these groups, a large quantity of flinty matter is con- 
tained in the walls of the cells ; so that they perfectly retain their 
form after all the vegetable structure has been destroyed by the 
action of heat and acids. The cavity of the cells, too, is some- 
times seen to be partly occupied by large angular crystals. All 
the plants (if such they be) of this group are very minute. 

48. There is, however, a group yet simpler than these, of the 
vegetable nature of which there is no doubt. On the damp parts 
of some hard surfaces is not unfirequently seen a greenish or red- 
dish slime, which, when examined with the microscope, is found 
to consist of a number of minute cells, having little connection 
with each other, but imbedded in a sort of jelly, which surrounds 
and connects them. On some minute variations between these 
simple plants, various distinctions have been formed ; one is known 
under the name of gory dew^ from its red colour ; and another, 
which appears on the surface of snow, tinging extensive tracts 
with a deep crimson, is known as red snow. This sometimes ap- 
pears so suddenly, and over so large a space, as to lead to the 
belief that it had fallen from the sky ; but its growth and multi- 
plication are so rapid as to leave no difficulty in accounting for its 
appearance. This plant, which may be regarded as one of the 
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simplest forms of Tegetation, if not the very 
simplest, consists of a little bag or membrane, 
forming what is called a cell. A large number 
of these are commonly found together; but 
l^g. 3. each one is separate from the rest, and is to be 

or Red°STKnr°'higU7 c^arded as a distinct indiTidual. It obtains its 
mignified ; shomng its q^jj, nourishment by absoriiing the fluid around, 
separate ceUg or ven- •' ... 

cles fatUy imbedded and grong and comes to mafuntj without any 
ma imyj y. other support or assistance than that afibt^ed 

by the air and moisture with which Us surface is in contact. 
WTien come to maturity, a number of minute granules may be seen 
within it ; these are the germs of new plants ; and, when liberated 
by the rupture of the parent-cell, they go thniugb precisely the 
same series of changes. This little plant will be often referred to 
in illostration of the simplest conditions in which the processes of 
the vegetable economy can be performed. In its habits, — flourish- 
ing as it does only in very damp rituations, though partly exposed 
to the air, — it must be regarded as belonging to the Algte ; but it 
hears a close correspondence with the lowest forms of & group 
that now remains to be considered, whose conditions of existence, 
howeTer, are very difierent. 

49. In their general simplicity of structure, the Fungi, (the 
tribe including Mushrooms, Pufi'-balls, and many 
. kinds of blight, mildew, and mould,) correspond 
f with the AlgK and Lichens ; hut they differ remark- 
ably in habits, and in the character of their fabrics. 
Fongi will not grow with the simple nourishment 
which serves ibr (heir support, but require to be 
fed with decaying animal or vegetable matter of 
some kind ; and they chiefly frequent situations 
1 which decomposition is going on with rapidity. 
Mould greatiy and which are at the same time dark and warm. 
■t^M ™noat^ ^' '^ '^'y remarkable to observe the constancy 
iufr of Bingle with which particular species make their appearance 
Jointed to- on particular substances. Thus no fungus but the 
^tber. common edible Mushroom ever grows upon the 
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mushroom-spawn (as it is called) ; though this does not contain 
its germs, being merely a kind of manure composed of yarioos 
decaying substances, which prepares the soil to receive them from 
the atmosphere. Again, there is a species of mould which is 
only found on the surface of the dung of oats deposited in moist 
and obscure places. Almost every tribe of plants has its peculiar 
species of blight or rust, to the attacks of which it is liable, and 
which differ from the kinds infesting nearly similar vegetables. 

50. The universality of the appearance of the simpler kinds of 
Fungi, — such as mould, mildew, &c. — ^upon all spots favourable 
to their development, has given rise to the belief that they were 
spimtanecmsly produced by the decomposing substances. But there 
is no occasion for tius mode of accounting for it ; since the extra- 
ordinary means adopted by Nature for the production and diffa- 
sion of their germs suffices to explain it. The duration of the 
lives of individuals among the Fungi is very brief; the tissue is 
soft and succulent, sometimes containing so little solid matter as 
almost to melt away when broken down ; and never possessing 
any considerable amount of firmness. Now in the Algae, where 
we have seen the development of the individual taking place to 
such an enormous extent, the fructification is generally obscure, 
and sometimes even scarcely perceptible. But in the Fungi, all 
the energies of the plant seem directed to the production of the 
germs of new ones ; its own size seldom attains any great extent ; 
but the number of these germs is of);en almost incalculable. Thus, 
the fine dust which issues from the common Puff-ball when mature 
consists entirely of these little bodies, which are diffused through 
the air, and seem to float about in it, ready to develope them- 
selves when they meet with the fitting conditions. In a single 
Fungus above ten millions have been coimted ; and these were 
probably by no means the whole number contained in it. "When 
these minute germs are once spread through the air, there are so 
many means provided for their diffusion, that it is difficult to con- 
ceive of a place from which they should be excluded. 

51. However improbable, then, it may at first sight appear, 
that every portion of the air we breathe should contain the germs 
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F a large niunber of species of Fungi, ready to develope them- 
ilyes whenerer the peculiar conditions adapted to each kind are 
resented,, there seems good reason to believe that such is the 
use ; and in this manner we may account for several facts of some 
ractical importance, relative to the production of those very 
roublesome forms of vegetation known by the names of mould, 
lildew, &c. It is well known that fruit-preserves are very liable 
3 be attacked by the common bead-motUd; which no care employed 
II completely closing the mouths of the jars can prevent. It has 
•een remarked, however, that they are much less liable to suffer 
a this way, if not left open for a night before they are tied down ; 
jid it is therefore probable that the germs of the mould sow 
hemselves, as it were, in this luxuriant soil, before the jar is 
overed. Again, there is a particular kind of cheese, much valued 
>y some epicures, which derives its pecuUar flavour from the 
[uantity of fungous vegetation it contains. It is prepared simply 
>y breaking up the curd, and exposing it for a day or two, in 
mall lumps laid upon a cloth, to the sun and air ; it there seems 
o receive the germs of Fungi, which afterwards vegetate in it, 
md spread their growth through the mass whilst it is yet soft. 

52. In all these instances, the Fungi derive their nutriment 
Tom organic matter which is either already in a state of decay, or 
will readily decompose. There can be littie doubt that their de- 
velopment hastens decay when it is slow, or even causes decom- 
podtion in substances which previously exhibited none. Thus, u 
&uit-preserve, into which no mould finds its way, may remain 
sweet for many years ; but the growth of the mould produces 
chemical changes in it, which are of a kind to supply the plant 
with the materials it requires. There is another very remarkable 
group of Fungi, which developes itself in the midst of the tissues 
of living plants and animals. To it belong, amongst others, the 
mildeWy rust^ smuty &c. of com, which are distinct plants, having 
all the characters of true Fungi, but growing from the ears, stems, 
&c. of those they infest, so as to appear like a part of themselves. 
In fact the question has been raised whether they are really pro- 
duced from separate germs, or whether they are not diseased parts 
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of the structure on which they appear. But there seems little 
doubt that distinct germs are introduced from without. They can 
be communicated from one plant to another ; and they may per- 
haps enter through the stomata or breathing pores hereafter to be 
described; though experiment shows it to be more likely that 
they are conveyed in the water which drains through the soil, and 
that they are introduced into the system with the fluid which 
is absorbed. In that case they must be almost immeasurably 
small ; since it is known that the minutest particles of any sub- 
stance which can be artificially obtained, are usually rejected by 
the roots, as too large, when diffused through water which is 
being absorbed through their pores. 

53. Animals are liable, as well as plants, to the growth of 
Fungi within their bodies. There is a species of Wasp in the 
"West Indies, of which individuals are often seen flying about 
with plants of their own length projecting from some part of 
their surface, the germs of these having been originally intro- 
duced, probably through the breathing pores at their sides, (which 
greatly resemble those of plants), and taking root, as it were, in 
their substance, so as to develope a luxuriant vegetation. In time, 
however, the fungous growth spreads through the body, and 
destroys the life of the insect ; and it then seems to grow more 
rapidly, the decomposing tissue of the dead body being still more 
adapted than the living structure to afford it nutriment. 

54. A very curious example of the growth of Fungi within 
the living animal body has lately been detected ; and the know- 
ledge of it has proved of great importance. The Silk-worm 
breeders of Italy and the South of France, especially in particular 
districts, have been subject to a considerable loss by a disease 
termed MtMcardine^ which sometimes attacks the worms in large 
numbers, just when about to enter the chrysalis state. This dis- 
ease has been ascertained to be due to the growth of a minute 
vegetable of the Fungus tribe, nearly resembling the common 
mould, within their bodies. It is capable of being communicated 
to any individual from one already affected, by the introduction 
beneath the skin of the former of some particles of the diseased 
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portion of the latter; and it then spreads in the fatty mass 
beneath the skin, occasioning the destruction of this tissue, which 
is very important as a reservoir of nourishment to the animal when 
about to pass into a state of complete inactivity. The plant spreads 
by the extension of its own structure ; and also by the production 
of minute germs, which are taken up by the circulating blood, 
and carried to distant parts of the body. The disease invariably 
occasions the death of the Silk- worm ; but it does not show itself 
externally until afterwards, when it rapidly shoots forth from be- 
neath the skin. The Caterpillar, Chrysalis, and Moth are all 
susceptible of having the disease communicated to them by the 
kind of inoculation just described ; but it is only the first which 
usually receives it spontaneously. The importance of this disease 
to the breeders of silk- worms, led, as soon as its true nature was 
understood, to careful enquiry into the circumstances which 
favour the production of the fungus ; and it has been shown that, 
if the bodies of the caterpillars, which (from various causes) have 
died during breeding, be thrown together in heaps, and exposed 
to the influence of a warm and moist atmosphere for a few days 
(as has been very commonly the case), this fungus almost invari- 
bly appears upon them, just as other kinds of mould appear on 
other decaying substances ; and that it is then propagated to the 
living worms by the diflusion of its germs through the atmosphere. 
The knowledge of this fact, and the precautions taken in con- 
sequence, have greatly diminished the mortality. 

55, Another very curious example of vegetation of a fungous 
character in a situation where its existence was not until recently 
suspected, is presented in the process of fermentation. It appears 
fr'om microscopic examination of a mass of yeasty that it consists 
of a number of minute' disconnected vesicles, which closely re- 
semble those of the Red Snow, and appear to constitute one of 
the simplest possible forms of vegetation. These, like seeds, may 
remain for almost any length of time in an inactive condition 
without losing their vitality ; and their power of growing when 
placed in proper circumstances is not destroyed by being entirely 
dried up, nor by being exposed to such extremes of temperature 
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as the boning point of water and seventy-six degrees below zero. 
When these bodies are placed in a fluid in which any kind of 
sugary matter is contained, they commence vegetating actively, 
provided the temperature be sufficiently high ; and the decompo- 
sition which thev effect in the fluid, the nature of which will be 
presently explained, is that which constitutes its fermentation. 

56. If a small portion of a fluid in this state be examined at 
intervals with a powerful microscope, it is observed that each of 
the little vesicles contained in it puts forth one or more pro- 
longations or buds, which in time become new vesicles like their 
parents ; these again perform the same process ; so that, within a 
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Fiff. 10. Different stages of the vegetation of Yeast ; a, single cells 
of which it at first consists ; &, cells with buds ; c, the same more 
advanced ; dj rows of cells corresponding to those of Fig. 9. 

few hours, the single vesicles have developed themselves into 
rows of four, five, or six. This is not the only way, however, 
in which they multiply ; for sometimes the vesicles are observed 
to burst, and to emit a number of minute granules, which are the 
germs of new plants, and which soon develope themselves into 
additional cells. By the time that ^ve or six vesicles are found 
in each group, the fermentation is sufficiently hi advanced for 
the purposes of the brewer ; and he then takes measures to check 
it, by which the vegetation of the yeast is suspended. The groups 
of vesicles then separate into individuals resembling those which 
first constituted the yeast ; and thus a greatly-increased amount of 
this substance is the result of the process. 

57* The process of fermentation consists, as regards the fluid, 
in the conversion of the solution of sugar into alcohol or spirit of 
wine ; and this is effected by the action of the vegetating fungus, 
which withdraws from the fluid, for the supply of its own growth, 
that portfon of its elements which constitutes the difference between 
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sugar and alcohol. A process yery similar to this takes place 
when the common Mould, growing upon the surface of a sweet 
preserve, causes its fermentation. The little plant hears considera- 
ble resemblance to the Red Snow ; but differs from it in the two 
following important particulars. 

58. The Red Snow can flourish when supplied with air and 
moisture alone, — the conditions which have been mentioned as 
favourable to the growth of the Alg» ; whilst this Yeast-plant can 
only grow in the solution of vegetable matter which is ready to un- 
dergo decomposition, and to yield it a kind of nutriment which 
the Red Snow does not require, but which is necessary for the 
growth of all the Fungi. This is an instance, then, of what was 
formerly stated respecting the close resemblance between the lowest 
forms of these simple tribes, which differ from one another more 
in the conditions necessary for their respective growth, than in 
their own structure. The other point of difference consists in the 
extension of the Yeast-plant by buds, that is, by the formation of 
new cells as continuations from the old one, as well as by the 
formation of separate germs ; whilst the Red Snow is propagated 
by the latter only. It is interesting to trace, in a being so ex- 
tremely low in the. scale, the two kinds of reproduction which are 
performed in a manner so much more complex, and apparently so 
different, in the higher plants. 

59. Of all the Cryptogamia, the Fungi are the most important 
to man ; and their influence seems at first sight exerted rather to 
his injury than to his benefit. Those minute species which con- 
stitute mildew, blight, rust, &c. often destroy to an immense 
amount the fruits of the earth upon which he relies for his chief 
support. An instance has been just recorded in which the lives 
of animals that administer to his luxury are also destroyed in large 
numbers. The decay of timber in the mode commonly termed 
dry-rot^ is caused by the growth of Fungi, of which several species 
are frequently concerned in effecting this most injurious process. 
The ravages which they commit in ships and in every kind of 
wooden structure, as soon as a settlement is made, can only be 
conceived by those who have witnessed and examined them. The 

E 
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devastations they have committed in our navy and merchant ves- 
sels excited attention to the subject, and led to the invention of 
of the process now known by the name of Kyanizing * (from the 
name of its inventor) ; but their destruction of house timbers is 
quite as rapid and complete, though less common. " I knew a 
house," says Mr. Burnett, "into which the rot gained admittance, 
and which, during the four years we rented it had the parlours 
twice wainscotted, and a new flight of stairs ; the dry-rot having 
rendered it unsafe to go from the ground-floor to the bed-rooms. 
Every precaution was taken to remove the decaying timbers when 
the new work was done ; yet the dry-rot so rapidly gained strength, 
that the house was ultimately pulled down. Some of my books 
which sufifered least, and which I still retain, bear mournful im- 
pressions of its ruthless hand ; others were so much aff*ected, that 
the leaves resembled tinder, and, when the volumes were opened, 
fell out in dust or fragments." The decay of the wood seems 
partly due to the growth of the fungi in its substance, which is 
decomposed by it, as are the fluid and half-solid matters already 
spoken of; and partly to the moisture which they are the means 
of introducing into its interior. The germs of these plants fall 
into the chinks of the timber, where they take root ; and in their 
growth, they greatly widen these chinks, and thus give admission 
to moisture from without, as well as to a new set of these minute 
germs, which may prove even more destructive ; and by a con- 
tinuance and repetition of these processes, the whole strength of 
the timber is at last destroyed. 

60. The power of expansion which these plants possess, soft 
as their tissues seem, is truly wonderful. Some years ago the 
town of Basingstoke was paved ; and not many months afterwards 
the pavement was observed to exhibit an unevenness which could 
not be easily accounted for. In a short time after the mystery 
was explained ; for some of the heaviest stones were completely 

* This process consists in soaking the wood or other material in water in 
which corrosive sublimate has been dissolved ; and in this manner a change is 
effected which seems to deprive the germs of Fungi of the power of obtaining 
nutriment. 
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lifted out of their beds by the growth of large toadstools beneath 
them. One of these stones measured twenty- two inches by twenty- 
one, and weighed 83 lbs ; and the resistance offered by the mortar 
which held it in its place would probably be even a greater obstacle 
than the weight. It became necessary to re-pave the whole town, 
in consequence of this remarkable disturbance. 

61. But though in these and many other ways Fungi are in- 
jurious to man, the benefits they confer upon him far outweigh 
their occasional devastations ; and it is only through the constancy 
of the former that ihey are overlooked and unappreciated. It is 
not only to man that they are of the most essential service, but 
to the whole animal kingdom. To Fungi may be justly applied 
the designation which has been conferred upon Insects, that of 
the " scavengers of nature ;" for, like insects, they labour with 
the most astonishing effect in the removal of refuse and decaying 
substances, which, were they left upon the surface of the earth, 
would prove not merely useless tenants but injurious incumbrances. 
Their vapour-like germs float about in the atmosphere in countless 
myriads, only waiting for the presence of a fitter soil on which to 
alight and grow. As long as there is no refuse decomposing 
matter to be removed, these spores remmn inactive and unde- 
veloped, ("the scavengers are imemployed ") ; but as soon as 
any quantity, large or small, of decaying animal or vegetable 
matter, is lefl exposed, it is soon covered with a deposition of 
spores, which rapidly develope themselves into fungi of various 
kinds. 

- 62. Their astonishing fertility, and the rapidity with which 
they arrive at maturity, are among the most remarkable characters 
of this tribe of plants. Of the former, some account has already 
been given. Of the latter many instances are recorded. Thus 
one species has been known to attain the weight of 341bs in six 
weeks ; and on the continent, Fungi of this tribe have grown to 
upwards of lOOlbs., having begun from a point not perceptible to 
the naked eye. A large fiingus of the Puff-ball tribe has been 
seen to grow in one night from a minute speck to the size of a 
large gourd. No other living beings have powers of growth at all 
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to be compared to tliis. The more rapid, the decomposition, and 
the greater the quantity of noxious exhalations which would thus 
be spread through the atmosphere, the greater is the tendency to 
multiplication and luxuriant growth in these humble plants, to 
which such exhalations serve as the most appropriate food. 

63. Hence what has been said by Naturalists of Insects, applies 
with equal truth and force to these humbler tribes ; and we may 
adopt with slight modification an interesting statement which has 
been given of the agency of Insects, as a striking delineation of 
the operations of the Fungi. 

64. /' The peculiarity of their agency consists in their power of 
suddenly multiplying their numbers, to a degree which could only 
be accomplished in a considerable lapse of time by any larger 
beings ; and then as instantaneously relapsing, without the inter- 
vention of any violent disturbing cause, to their former insignifi- 
cance. If, for the sake of employing on diflferent but rare occasions 
a power of many hundreds or thousands of horses, we were under 
the necessity of feeding all these animals at a great cost in the in- 
tervals, when their services were not required, we should greatly 
admire the invention of a machine, such as the steam engine, 
which should be capable at any moment of exerting the same 
degree of strength, without any consumption of food during the 
periods of inaction ; and the same kind of admiration is strongly 
excited when we contemplate the powers of Insect and Fungous 
life, in the creation of which Nature has been so prodigal. A 
scanty number of minute individuals, only to be detected by care- 
ful research, and often not detectable at all, are ready, in a few 
days or weeks, to give birth to myriads, which may repress or 
remove the nuisances referred to. But no sooner has the com- 
mission been executed, than the gigantic power becomes dormant ; 
each of the mighty host soon reaches the term of its transient ex- 
istence ; and when the fitting food lessens in quantity, when the 
offal to be removed diminishes, then fewer of the spores find soil 
on which to germinate ; and when the whole has been consumed, 
the legions before so active all return to their latent unnoticed 
state, — ^ready, however, at a moment's warning again to be 
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deyeloped, and, when labour is to be done again, again to commence 
their work either in the same districts, or to migrate in clouds 
like locusts to other lands. In almost every season there are some 
species, but especially in autumn there are many, which in this 
manner put forth their strength ; and then, like the spirits of the 
poet, which thronged the spacious hall, * reduce to smallest forms 
their shapes immense.' " 

65. Among the uses of Fungi to man, their service as food 
must not be forgotten. In chemical composition they more nearly 
resemble animal flesh than do any other vegetable substances ; 
and, accordingly, those of them which are free from injurious 
properties fiimish a highly nutritious article of diet, and some of 
the rarer species are greatly valued as dainties by the epicure. 
There is much difficulty, however, in distinguishing the innocent 
from the noxious species of Mushroom ; and many fatal accidents 
have occurred from the employment of the poisonous kinds. 
Amongst the Fungi remarkable for their peculiar properties may 
be mentioned one which is of great service, from its astringent 
properties, as a styptic, to check the flow of blood ; and another 
which has the power, even when dry, of producing a curious kind 
of intoxication, and is used for that purpose by the Tartars. 



CHAPTER III. 

OF THE ELEMEKTABY STAUCTUBE OF PLANTS. 

66, When we examine yet more closely into the confonnation 
of the different parts of which an organized structure is composed, 
we find that, though the several organs are variously constructed, 
and are adapted for different offices or functions, they are built up, 
as it were, of the same materials. With the same bricks, stones, 
mortar, and timbers, a church, a palace, or a prison may be reared. 
Just so is it in organized structures. We do not find that each 
organ is entirely different firom the rest, though it has usually 
something peculiar to it ; but we are enabled to separate it into 
many distinct portions, something similar to which, if not exactly 
correspondent, may be recognized in other parts. Thus, for ex- 
ample, it was formerly stated that the leaf consists of a midrib 
and veins proceeding from it, a fleshy substance filling up the 
interstices, and a cuticle or skin covering the whole. Now the 
midrib and vei s, as well as the footstalk of which these are a 
prolongation, consist of three kinds of structure ; — woody fhre^ to 
which they owe their toughness, and by which they are adapted 
to give support to the softer structures ; — flfewjto or canals for the 
transmission of fluid ; — and spiral vessels which are designed to 
convey air. On tracing these to the stem, it will be found that 
they all exist in it under the same form, and that these portions 
of the leaves are in reality but continuations of it. Again, if we 
examine the fleshy substance which lies amongst them, we shall 
find that it corresponds very closely in character with the pulp of 
soft fruits, or the pith of the stem. And if we strip off the cuticle 
and investigate its structure, wo shall perceive that it is but 
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another form of the same kind of substance, and that it corres- 
ponds with the skin which covers all the newly-formed parts of 
the stem and branches, as well as the various parts of the flower, 
and even the roots. 

67. These several kinds of structure are termed the primary 
tissuesy being the elements, as it were, of which the edifice is 
built up ; and they are to the vegetable fabric what the * bones, 
muscles, fat, blood-vessels, nerves, skin, &c. are to the animal. 

68. Even these primary tissues may be regarded as consisting 
of other parts still more simple,-,— namely, membrane and fibre. 
The fleshy portion of the leaf, for example, or the pulp of iruits, 
consists of a number of little bags adhering together : each bag or 
vesicle consisting of a delicate membrane, without any perceptible 
orifice, and containing fluid. The membrane which encloses an 
egg afbcr the shell is removed, will afford a good illustration on a 
large scale of the nature of these vesicles ; they may, however, be 
readily distinguished and separated in an over-ripe orange, where 
they are of considerable size. Now the membrane which com- 
poses their walls may^be regarded as one of the very simplest forms 
of vegetable tissue. Again, if the stalk of a strawberry or geranium 
leaf be carefully cut round but not through^ and the two parts be 
then pulled asunder for a short space, a number of glistening 
fibres of extreme delicacj will be seen running from one portion to 
the other. If these be put under the microscope, it will be evident 
that they had lain in spiral coils, which are partially straightened 
when they are thus drawn out, just as when a spiral spring is 
strained. These were coiled within the membranous tubes that 
constitute the external sheath of the spiral vessels, which have 
been mentioned as existing in the leaf-stalk ; and thus we are 
able to separate these vessels into the two other elements, mem- 
brane and fibre. These very minute delicate spiral fibres must 
not be confounded with the woody fibre, of which mention has been 
made, and the nature of which will be presently explained. 

69. The delicate Membrane^ of which, in combination with 
fibre, all the tissues of plants may be regarded as consisting, when 
they are newly formed, is of variable thickness and transparency. 
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In general, however, it is quite sufficiently transparent to allow 
the colour of fluids in contact with it to be distinguished on the 
other side ; and accordingly, though itself colourless or nearly so, 
it often appears tinged, in consequence of the cells or vessels 
which it forms being filled with coloured fluid. Thus the cells of 
leaves appear green, those of the parts of flowers yellow, blue, 
red, &c. ; not because that colour exists in the membrane of which 
they are composed (which, if they could be emptied, would ap- 
pear almost colourless) but on account of the minute colouring 
particles diffused through their contained fluids. One of the most 
remarkable properties of vegetable membrane is its power of allow- 
ing fluids to pass slowly through it, even though no visible pores 
or apertures can be detected in it. Sometimes the appearance of 
. such apertures exists, when membrane is highly magnified ; but 
this appearance is sometimes produced by grains of semi-trans- 
parent matter sticking to it ; and is sometimes due to that portion 
of the membrane being thinner than the rest, through the deposi- 
tion of new matter upon certain points, subsequent to the first 
formation, of which several examples will be presently given. 

70. Elementary Fibre may be compared to hair of extreme 
delicacy; its diameter often not exceeding the 1-12000 of an 
inch. It is generally transparent and colourless, and is usually 
disposed in a spiral direction. Its peculiar property is elasticity, 
combined with a degree of firmness which, for its diameter, is 
very considerable. Accordingly we find its chief use to be the 
keeping open, like an interior spring, the delicate membranous 
tubes through which air is to ppss, and the preventing these from 
being pressed together by the growth of neighbouring parts. Not 
imfrequently, however, it seems less elastic than usual, and is 
broken during the processes of growth into several smaller frag- 
ments, which then exhibit a peculiar tendency to grow together 
in various irregular forms. In this way several peculiar kinds of 
tissue are produced, which will now be noticed. 

71. The one most universally present, no kind of plant being 
without it in some form or other, and many being entirely com- 
posed of it, is that called cellular tissue, from its being made up 



of a number of separate cells or minute b^s adherent together. 
These, wliea first formed, are usually neatly globular, or of a figure 
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resembling an egg; so that, if cut across, their walls would ex- 
hibit a series of circles touching each other at certain points. 
Aflerwards, however, they are gradually pressed agabst each 
other, and their sides become flattened. Their form will then 
depend upon the amount of the pressure on the respective sides. 
If it hare been equal in all directions, the cell will sometimes be 
cubical, as it is often found in pith ; or it will have the form 
■■ ] . tenned the dodecahedron, which is a solid 

\i^AiJ\J^. having twelve equal sides. But if it be 
d more on one side than another, it 
will be narrowed in that direction and 
elongated in the other. Thus the original 
form of the cell may become greatly modi- 
fied during the growth of the plant. In' 
genera!, the greatest elongation takes place 
p. ,„ in the direction of most rapid increase; 

Seetionofirregularlyconi- but this is not always the case ; for in the 

preBBedcellnlartisauejthc . - . , - ,i - i- . ,i 

honey-combappearanaeof stems ot most trees in tiUB climate, there 
the greater part is due to jg ^ peculiar set of cells extending from 
the r2-iided form of the ' " 

cells, the vralla of vhloh, the pith towards the bark, which have 
di?Mti™,'^^t"he^ fieir greatest length in a horizontal di- 
goM or 6-rided figTiree. rection ; and the cells being of an ofaloug 
flattened form, and arranged like bricks in a wall, this kind of 
structure has been called muri/orm (wall-like) cellular tissue. 

72. From what has been said oi tiie permeability, or power of 
giving pass^e to fluids, which vegetable membrane possesses, it 
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may be inferred that this power is also possessed by the simple 
modification of it just described. Accordingly we find this to be 
the case, — ^fluids being conducted through it very readily from one 
part to another : but still it affords a suthcient degree of resistance 
to cause the transmission of fluids most readily in the direction of 
the greatest length of the cells, where, of course, there will be 
the fewest partitions in a given space. Thus, therefore, fluids 
absorbed at the bottom of a stem, will pass upwards through its 
cellular tissue more readily than in any other direction, except in 
the case of the muriform cellular tissue, which conducts fluids 
horizontally with the greatest readiness ; and the object of this 
peculiar adaptation is to convey the nutritious sap which is passing 
down the bark into the interior of the trunk. It will be more 
fully described in Chap. VI. where the structure and offices of 
the different parts of the stem will be severally detailed. 

73. In the fabric of the lowest tribes of Plants, such as Sea- 
weeds, Lichens, the Fungi (or Mushroom tribe,) Liverworts, and 
Mosses, little besides cellular tissue and its simple modifications 
can be found ; and it forms a large proportion of that of even the 
highest tribes. Thus in every Plant, the leaves, flowers, bark, 
pith, and fruit, consist almost entirely of cellular tissue; and it is 
even found in the woody part of the stem and roots, besides 
forming the largest proportion of those soft succulent stems which 
are only of short duration, dying as soon as the fruit they bear 
has ripened. The whole of the young plant, too, even of the 
highest tribes, consists, like the permanent forms of the lower, of 
this kind of structure. It is only when the true leaves have been 
unfolded and are actively performing their functions, that the other 
kinds of tissue show themselves. In all newly-forming parts, also, 
the- foundation, as it were, is laid with this tissue, in which the 
others subsequently appear. So universally is it present, even in 
the adult fabric, that, if it were possible to abstract all the others 
from it, the original form would still be retained, except where it 
would give way with its own weight. 

74. But, although cellular tissue is, in its regular state (of 
which the pith of young twigs, or the pulp of fruits are character- 
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islic examples) soft and spongj- in its character, it does not al- 
ways remain ao, but often acquires couaiderable hardnesn. This 
is the case, for example, in the prkilee of the Kose and other 
plants, which are merely connected with the cuticle and are not 
prolonged firom the wood beneath. It is the case also in the 
Oones of the Plum, Peach, Cherry, &c. ; and in the gritty matter 
in the centre of the Pear. In tjl these parts, the processes of 
vegetation are no longer going on ; butthepowerof firm resistance 
is required in their place. This is effected by 
the deposidoQ of solid matter within the cells. 
Sometimes the new product lies in regular 
layers, one within another, covering the whole 
membrane ; sometimes it is deposited in what 
n la appears a less regular manner, certun points 

Round cells thickened of the membrane being left uncovered by it. 
^°"":;„'2rS I- th" 1»1 «»«, k»>»CT.r, an ,«idilionnl ob- 
ject is attained; for the cells, though the 
greatest part of their walls is so 
mnch thickened, are still in a 
d^ree permeable to fluid, through 
the spots of the membrane on 
which no deposit has taken place. 
These spots in the walls of con- 
tiguous cells generally correspond 
with each other; so that fluids 
can find their way from one cell 
into the cavities of the neighbour- 
ing ones; though so large a pro- 
portion of their contents has be- 
come solid. When the walls of 
Pig, 14. cells have been thus strengthened 

, , .,*w*"?'^f''T^^T.i?" in particular parts, the membrane 

tetoal matter irregularly depoaitcd ; " r i ' 

the shaded pwirtion indicates the bas a dotted appearance, tbe thin- 
Temainimr cavities : a, cellaftomthe . . - i l i-i 

gritty ecDtre of the pear; b, cells nest portions seemmg almost like 
from tbo stone of tlie plum. perforations. 

75. The size of the cellules of tliis tissue is extremely variable ; 
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they are usually from 1-300 to 1-500 of an inch in diameter ; but 
may be found of all sizes, from 1-30 to 1-3000 of an inch. One 
of the most interesting modifications of it is found in the Sphag- 
num or Bog-Moss ; and in the coverings of some seeds. This 
consists in the presence, within the membranous wall of the cell, 
of a spiral fibre, coiling from one end to the other. In some of 
the seed-coats in which these spiral cells exist, the membrane of 
the cells is so delicate as to be easily dissolved away; so that, if a 
portion be put into water, the fibres spring out very beautifully 
by their own elasticity. 

76. The next form of elementary tissue to be described is that 
called Woody Fibre, It has received the name oi fibre^ 
because it always exists in an elongated form, and several 
of the tribes of which it consists adhere together conti- 
nuously so as to form cords. This is seen in the common 
flax thread, for example. If the finest thread that could 
be separated with the naked eye were submitted to a 
microscope, it would be seen to consist of several other 
fibres adhering together ; none of these have any great 
length ; but by the manner in which they adhere, side 
by side, and end to end, a continuous cord is produced. 
Each of these minute fibres, when more closely examined, 
is seen to consist of a slender transparent tube, tapering 
Fig. 15. to a point at each end. It thus resembles a greatly 
of Woody elongated cell. It difi^rs from cellular tissue of similar 
Fibre, form, in the much greater strength of the membrane 
forming the walls of the tubes, though it is at the same time thin- 
ner. There are many intermediate forms, however, between one 
and the other. Woody fibre is evidently destined to convey fluid 
in the direction of its length, and is easily permeated by it. 
Minute openings have sometimes been detected in the points of 
the tubes, so as to connect one cavity with another, and thus to 
render the passage of fluid more easy. It is, however, especially 
destined to give firmness and elasticity to the parts of the structure 
which require support ; and we almost constantly find vessels pro- 
tected by it wherever they exist. 
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77- In all plants with pemianently-eleTated sterna, this tissue 
is very abundant in the adult state. It forms a large proportion 
of the wood of the stem and roots; it partly composes the leaf- 
stalk, midrib, and veins of the lea-Tes, and may even be traced 
in fiowers; to many fruits, also, it imparts finnness and consist- 
ence. When no longer required for the conrejance of fluid, 
additional firmness and toughness are given to it, ns to cellular 
tissue, by the deposition of various Becretions within its tubes ; 
and it is in the presence or absence of these that the difference 
exists between the heart-wood and sap-wood of a trunk. The 
woody tubes of the former are entirely choked up with the hard 
matter deposited in their cavities; and the sap rises through the 
latter only. This hardened tissue maybe in some degree com- 
pared to the cartilage or gristle of animal bodies, 

78. A peculiar form of woody fibre is found in the stems of 
resinous woods, especially the Pine and Fir tribe. The diameter 
of its tubes is much greater than that of any other woody tissue ; 
and they alone perform the office of transmitting the sap upwards 
through the stem, the wood of these trees being destitute of the 
ducts or canals (presently to be described) which in other kinds of 
trees assist in this function. Bat it is by a peculiar set of dots 

n along their course, that these woody 
i tubes may be readily distinguished from 
all others. These dots appear to be 
formed by the adhesion of some little 
I bodies to the interior of the tube, or by 
their growth on the exterior so as to pro- 
QlaodnUr wflrfy Fibre of ft J^ct into the cavity by the pressure of two 
Deal 8h«ving. adjacent tubes. "Whatever he their cha- 

racter, which is not yet certainly ascertained, they are of great 
interest, as ^ding to establish the true nature of coal. 

79. That this substance had a vegetable origin has long been 
generally admitted ; but from the comparative frequency and per- 
fection with which the remains of Ferns occur in it, it has been 
supposed to have been produced by the decay of vast forests of 
this tribe of plants. As Ferns do not form resins, however, this 
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hjrpothesis would not account for the large quantity of bituminous 
matter which coal contains ; and hence it was supposed that coal 
must have been formed from resinous woods, even though, the 
remains of such were very scanty and imperfect. Now on apply- 
ing the microscope to transparent sections of such fragments of 
coal as most distinctly exhibit the fibrous structure, it is seen that 
they present the character which has been described as peculiar to 
the resinous woods, — the glandtdar form of woody fibre, as it is 
technically termed ; and hence it is established beyond doubt, that 
the immense masses of coal which now contribute so much in 
every way to the comfort and the social improvement of the human 
race, are but the remains of vast forests, probably the growth of 
many successive centuries, which chiefly if not entirely consisted 
of trees of the Pine and Fir kind. It is even possible, by the 
peculiarities of the arrangement of the dots, to say which of the 
subdivisions of that tribe at present existing, those primeval trees 
most nearly resembled. 

80. The third kind of primary tissue is that denominated the 

Spiral Vessely with its modifications. Its essential 
character is the possession of a spiral fibre coiling 
ivithin its thin membranous tubes firom one ex- 
tremity to the other. This fibre is not always to 
be traced, however, with the same regularity. 
The true spiral vessel much resembles the woody 
fibre in form, being a long narrow tube drawn to 
a point at both ends. But the membranous wall 
is much thinner, and is easily torn asunder. The 
spiral filament is usually single ; it is sometimes, 
however, double, or even triple ; and in the very 
large spiral vessels of the Chinese Pitcher-plant 
(Nepenthes § 242.) it is quadruple. These tubes 
Portionsof^'spiral in their perfect state contain air only, which finds 
Vessels; o, com- j^g ^^y from one to another, like fluid through 
single fibre' partly the woody tubes. They are found in the leaf- 
NT'^nthesl*' with stalks, from which their spiral fibres can be un- 
quadrupie fibre, coiled in the manner already described. They are 
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found also in a delicate membrane surrounding the pith of those 
which possess one (§ 135.) ; and in the midst of the woody bun- 
dles which form the strings of such stems as the Asparagus. From 
this plant, indeed, they may be obtained more readily, perhaps, than 
any other. If a stem be boiled, or softened by soaking in water 
for some time, and these bundles be separated from the soft tissue 
which surrounds them, the parts of each may be further separated 
from each other by rubbing them, with a little water, between 
two plates of glass. On looking at them with a magnifying-glass, 
some portions of these bundles will be seen to present a dark ap- 
pearance, if still under water. This is caused by the air they con- 
tain ; since bubbles of air in fluids viewed with the microscope, will 
appear dark to the observer, for reasons which will be mentioned 
in the Treatise on Light. If one of these threads be then carefully 
torn, with a pair of small needles fixed in handles, into finer ones, 
whilst under a powerful single magnifier, it may be separated into 
the individual spiral vessels which compose it, just as the thread 
of flax may be resolved into its woody tubes. 

81. It is an interesting circumstance that the air-tubes of 
Insects are formed upon nearly the same plan with these spiral 
vessels of plants. The former consist, like the latter, of an ex- 
ternal membrane, which is maintained in its tubu- 
lar form, in spite of pressure from without, by 
the elasticity of a fibre spirally coiled in its interior. 
The principal difference between the two structures 
is, that the air-tubes of plants are closed vessels, 
and that their contents find their way gradually 
firom one to another, permeating the delicate mem- 

Branchini^'Air- ^^^^^® ^^ *^^^^ walls ; and that they give off, there- 
vessel of Insect, fore, no branches : whilst the air-vessels of insects, 
whose office it is to convey air with great rapidity into all parts of 
the structure, form a set of continuous tubes, which branch and 
ramify with the most wonderful minuteness even in the smallest 
organs of the smallest Insect. 

82. The other kinds of tissue which we find in plants may be 
regarded as modifications of the foregoing; but still they are 
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sufficiently distinct in (heir character and offices to require a se- 
parate consideration. Thefirstofthese consists of the long straight 
non-branching canals which are found in the stems and leaf-st^ks 
of the higher kinds of plants, and are termed Ducts. These appear 
to be originally formed by the breaking-down of the partitions 
hetTreen large cells that were laid end to end, so that a continuous 
tube is produced ; for in many instances tbe remains of such 
partitions can be detected. Sometimes these ducts remain, tike 
tbe cells from which they originated, of a simply 
membranous character; but more commonly their 
walls are fortified by an interior deposit, which 
does not, however, entirely line tbem, but leaves 
the membrane bare at certain points, giving that 
dotted appearance already described in treating of 
the cells- Hence these vessels are commonly termed 
dotted ducts. It is through sucU as tbese, that the 
sap principally rises in the stem and branches, and. 
is conveyed to the leaves. They are by far the 
ing tliat the largest vessels cont^ned in the vegetable fabric, bbA 
s of their open mouths are visible in almost any stem 
'OBS. They are of particularly great 
diameter, when the stem itself is small 
and long, but bears a considerable 
amount of leaves, as is tbe case in the 
Vine and tbe conmion Cane; in 
these, their orifices at once strike the 
eye ; and, if the stem of a growing 
plant be cut across, the oozing of the 
sap from tbeir mouths will be easily 
distinguished. 

83. But there are other kinds of 
Duels, which seem to belong rather 
to the third form of Elementary tissue — the class of Spiral V»- 
sels ; since they exhibit more or less perfect traces of the presence 
of a spiral fibre within the membrane of the tube. These are the 
cases in which tbe fibre shows the greatest want of elasticity. In 
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§*ems we find Ducts which very closely approach the spiral yessel 
in character ; having an unbroken coil of spiral fibre throughout 
their whole extent; but, besides the important difference that 
these Ducts are long continuous tubes, they are further dis- 
aaguished by the brittleness of the spire, which snaps if we 
ittempt to unrol it Such ducts are found in many other plants, 
md may be easily distinguished in the leaf-stalk of the Rhubarb. 
NTow there are others in which we see an irregular spiral, — the 
coil sometimes terminating in a ring, and then com- 
mencing again with perhaps the intervention of two 
or three rings. Here it would seem as if the 
membrane had grown fiister than the spire could 
follow it ; so that the fibre, not being elastic, had 
been occasionally broken. In other ducts, again, we 
find no traces of a spiral fibre ; but the membranous 
walls are distended by rings at intervals sometimes 
tolerably regular. These are called annular or ringed 
vessels. 

84. These two forms are especially interesting 
firom the analogies which can be found to them in 
the animal structure. The close correspondence be- 
tween the spiral vessels and the trac/iece or air-tubes 
of insects, has been already pointed out. On the 
other hand, the annular duct corresponds with the 
[>aot8 vriih wind-pipe of higher animals, the membranous walls 
^*^Sralf^i o^ which are prevented firom falling together by 

nm at inter- means of rinsfs of cartilaG^e disposed at regular inter- 
rau ; a, annu- ^ ° •*■ ^ i • i 

lar throurfi- vals. And the half-spiral half-annular duct which 

is the intermediate form in plants, precisely corres- 
ponds with the structure of the wind-pipe of the Dugong (one of 
the Whale tribe) in which we find a spiral cartilage terminating 
at intervals in rings. 

85. There are other fonns of ducts, again, in some parts of 
which the traces of the spiral structure are very obscure ; whilst 
in other portions of the same tube they can be easily distinguished. 
In these it appears as if the spiral fibre had been broken up into 
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small fragments, and that these had served as centres round which 
new deposits had accumulated, so that they had grown irreguhurly 
together, leaving interspaces in which the membrane is uncorered 
(as in the dotted duct) by this secondary wall. In fact it often 
happens that a duct, which exhibits in one part distinct remains 
of the spiral structure, approaches the character of the dotted 
duct so closely in another part, that they can scarcely be dis- 
tinguished; and it is probable that the interior deposit which 
gives to the latter its peculiar character may hare originally taken 
place around the fragments of a spiral fibre. 

86. The office of all these ducts is the same, — that of convey- 
ing fluid. It is only in the true spiral vessel that we find air. 
These varieties have been described with somewhat greater mi- 
nuteness than may appear necessary ; because the young obserra 
who examines the vegetable structure for himself, as it is hoped 
that many will be led by these pages to do, will be liable to be 
perplexed by meeting with them, if not previously acquainted 
with their characters. 

87. One other ftwm of elementary 
/f i tissue now remains ; and this difien 
|i \f from alt the rest. It is a system of 
VI J*^ branehing vessels, confined to the un- 
l.'i^'i der ude of leaves, and to the baric, 
and serving only foe the conveyance 
of the nutritious sap, which is carried 
by it from the leaves where it is pro- 
duced, down the bark and thence to 
all parts of the structore. The walls 
of these branching vessels are ex- 
tremely delicate, so that they can be 
scarcely separated frum the tissue 
around ; hence it was long supposed 
that the nutritious sap, or pr^er 
juice as it is generally termed, flowed 
nutritious juioe. \a mete spaces amongst other tissues, 

and not in distinct tubes. The existence of these, however, is 
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now well established ; and there can be little doubt that, like the 
straight ducts, they take their origin from cells, the partitions be- 
tween which are broken down, so as to form a complete network 
of canals. 

88. In future chapters, the combinations of these tissues in the 
seyeral organs, such as the Stem, the Leayes, the Flowers, &c. 
>yill be described ; but it may be well here to speak of one peculiar 
modification of cellular tissue which is seen in all these parts, — 
that, namely, which forms the ctUide or skin in which they are 
enreloped. The existence of this is easily shown in many leaves 
without preparation. From the leaf of the common garden 
Iris, for example, it may be easily stripped, or from the imder 
side of that of the London Pride ; and from eyery leaf it may be 
easily removed after being soaked for a few days in water. This 
cuticle is found to be usually transparent and nearly colourless. 
If when separated it should appear coloured, this is due to the 
adhesion .to it of some of the cellules of the fleshy portion (or 
parenchyma) of the leaf; these will afford an opportunity of ex- 
amining the form and structure of these cellules ; and they may 
then be wiped away, leaving the membrane perfectly smooth and 
oolourless on both sides. Now when this is examined with a 
sufficient magnifying power, it is seen to consist of a number of 
flattened cells in close contact with each other ; and these cells 
contain no fluid, but are filled with air. Their form is very dif- 
ferent according to the kind of plant examined. Sometimes they 
are of a regular oblong and their sides straight ; whilst in other 
instances they are of very irregular form, and lock into one another 
like the pieces of a dissected map. 

89. Though the cuticle usually consists but o£one layer of cells, 
it sometimes contains two or even three^ especially in plants natu- 
rally growing in warm climates ; and in the Oleander /bur may 
sometimes be distinguished. Its office appears to be to prevent the 
moisture of the soft succulent tissues beneath from evaporating ; 
since, if they were to dry up, their vital properties would be lost. 
Accordingly we find it absent in plants which habitually live 
beneath the surface of the water ; and &om those parts of others 
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which are usually submerged ; whilst it is present on those parts 
of the same plants which are lifted into the airj as well as on all 
the soft parts of those which are habitually and entirely exposed 
to it. Its use is at once seen when a portion of a plant destitute 
of it is exposed to the air ; — it speedily dries up and withers. On 
the other hand, the Oleander, exposed to the intense sunshine of 
tropical Africa, maintains its verdure, even in arid situations, by 
the great resistance to evaporation which its thick and almost 
leathery cuticle interposes. The best mode of separating this cu- 
ticle, so as to become acquainted with its remarkable firmness, is 
to soak a leaf for a few days in water rendered sour to the taste by 
a few drops of nitric acid ; and it may then be easily stripped ofiF. 
But its different layers can only be seen by magnifying a very thin 
slice of the leaf cut across, so that its thickness, not its sur£sM^, 
is exposed to view. 

90. The entire of the softer portions of all plants growing in 
air is covered by cuticle ; and in the young plant the whole surface. 
It is only when the stem increases in diameter, and the bark be* 
comes hard and rugged and occasionally scales off, that the catide 
can no longer be distinguished. It is evident on young shoots as 
on the leaves, and may be traced downwards to the point of the 
root ; but this it does not cover. It also protects all the organs of 
which the flower is composed ; but it is absent at one pointy for 
reasons hereafter to be stated. 

91. The tissues protected by the cuticle are not entirely cut off 
by it, however, from the external air ; for it has certain apertures 
of a very peculiar character, which open or close under the influ- 
ence of light. These apertmres are called Stomata (mouths.) They 
are usually of an oval form, and are bounded by two kidney- 
shaped cells containing green matter ; and it is by the expansion 
or contraction of these that the orifice is diminished or increased. 
Sometimes, however, the opening is round, and is bounded by a 
ring of four or five such cells ; and in the very curious stomata of 
the Marchantia pciymorpha^ one of the commonest of the Liverwort- 
tribe (§ 32.) there are five such rings, one beneath the other, the 
aperture resembling a funnel, and the lowest ring being the one 
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which regulates the amount of communication between the 
chamber into which it opens, and the external air. 



A - B C 

Piff. 23. Views of Stomata. A, vertical section of stoma 
of Ins; a, a, green cells bounding the orifice ; 6,6, cells 
of the parenchyma; c, air chamber. B, view of the same 
&om above ; a, a, green cell? of the stoma, lying between 
long cells of the cuticle ; c, opening between them. C, 
similar view of a stonia of apple-leaf; a, cells of the 
stoma ; 6, 6, cells of the cuticle ; c, opening of stoma. 

92. Stomata are always placed over interspaces in the tissue, 
which are called interceUtdar passages ; they are never found on 
the midrib or veins of a leaf, nor in fact over any hard woody 
portion of the structure. They are chiefly disposed over the soft 
green tissue of leaves and young shoots ; but they are found also 
on the parts of the flower. When the leaves are absent, and the 
stem performs their functions, — as in the Cactus or Prickly-pear 
tribe, — stomata are found on its surface. They are generally most 
abundant on the under surface of leaves, and are sometimes al- 
together absent from the upper. This is partly due to the fact 
that the tissue lying beneath the upper surface of leaves is so 
closely packed together, that there are scarcely any intercellular 
passages, into which the stomata might open ; whilst the tissue in 
contact with the lower cuticle is extremely loose in comparison, 
and abounds with such passages ; hence it is that the colour of the 
upper sur&ce of the leaf is usually so much deeper than that of 
the lower. But in leaves of which the two sides are equally ex- 
posed to the air and light, such as those of the Iris and of the 
common Flags growing by the sides of brooks, the general struc- 
ture is nearly the same on the two sides, and the stomata are equal 
in number. Again in Plants, the circumstances of whose growth 
are such that the atmosphere commonly comes in contact with 
the upper side only of the leaf, — as in the case of the Water Lily 
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the leaves of which float on the surface of the water, — ^the stomata 
are disposed on that side alone. 

93. As there is no cuticle to protect the tissues of plants grow- 
ing altogether heneath the surface, so there is no occasion for 
stomata to admit the passage of air to these ; and accordingly in 
the whole tribe of Sea-Weeds we find no yestige of them. Neither 
can they be distinctly traced in the Mushroom-tribe, nor in 
Lichens ; but in the Liverworts they present themselves in the 
most remarkably complex form which we any where witness ; in 
the Mosses they have only been detected on the stalk which bears 
the fructification ; whilst in most Ferns, as well as in Flowering 
Plants, they abound. 

94. Of the very minute size of these curious organs, some idea 
may be formed from the fact that in some leaves it is estimated 
that 70,000 occur in a square inch of cuticle. The largest known 
are about the 1-500 of an inch in length ; whilst the smallest are 
not 1-3000. Their function is evidently to allow of that limited 
evaporation of water from the soft tissues of the plant which will 
hereafter be shown to be one of the most important of the pro- 
cesses by which the crude fluid absorbed by the roots is converted 
into the nutritious sap or proper juice. The influence of light 
upon the stomata causes them to open, whilst they contract and 
even close in darkness. 

95. It has also been shown that light has a most important in- 
fluence on their first production. In the young plant of the Mar- 
chantia (§ 33.) when first separated as a kind of bud from its 
parent, no stomata or roots exist. It has been ascertained by re- 
peated experiments, that stomata and roots may be caused to 
develope themselves in either of the two sides, the stomata being 
always formed on the upper surface, under the influence of light, 
and the root-fibres proceeding from the lower towards darkness. 
But if the surfaces be reversed after the respective organs have 
been developed to a certain point, so that the stomata be directed 
towards the ground, and the roots be made to rise into the air, the 
little plant will right itself by twisting itself round, so as to bring 
its surfaces to their former position. Further, when plants of a 
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Ligher description are grotni in darkness, the stomata are developed 
Tei7 imperfectly or not at all. Thus we have an example of the 
very important effects of the stimulus of light upon the vegetable 
structure, not only in goTeming its actioua, but in influencing its 
development. 

96. With the cuticle may be advantageously considered those 
append^ea which are developed ^m it, as kairt, prickiei, itingi, 
Stc. The leaves and stems of many plants aie covered with hair, 
which ia Bometimes btistly, sometimes soft and downy, and some- 
times scattered very thinly. The structure of these hairs is various. 
Sometimes each forms but one long cell ; whilst in many other 
instances, every hair consists of a row of cells placed end to end, 
and sometimes these send off minute side branches. The cells of 
the hairs are usually, like those of the cuticle, destitute of fluid 
contents, except during the period of their formation. Their 
analogy with those of the cuticle is farther shown by the curious 
fact, that many plants are hairy or not according to the circum- 
stances in which they grow. Thus, when they are found in dry 
exposed situations, their stems stunted in growth, and their leaves 




Pit. 34. HidnandGlaodaof'. 

byiluilr; b, muill ftland at the top 
bain; d, brancLing hair. 
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Bmall, theii sui^e is covered with haira, as if the cella iriiidt 
would hare otherwise foimed a larger cuticle had taken the shape 
of hairs : whilst in damp shady places, which faTOur the extenacoi 
of the leaves and stems, their surioce is quite smooth, all the 
material being then required to form cuticle. 

97- Sometimes the hairs are tubular and pointed, and are 
fixed upon minute glands in the cuticle which secrete an acrid 
fluid ; and if but veiy slightly touched, the reservoir at the base is 
compressed, and the fliud forced up through the tube into the 
wound made by its pointed extremity. Such hfurs are termed 
ttings; and the Nettie affords a familiar example of them. The 
priddea of the Rose and other shrubs are also appendages of the 
cuticle, with which they are stripped off, and from which it is easy 
to detach them. They are thus distinguished irom tiertu, which 
proceed itam the wood of the Ixanch, and which, as will be hwe- 
after stated, may be regarded as stunted leaf-buds. PrickleB, 
after being once formed, and hardened by the process already de- 
scribed ($ 7^.)> undergo no subsequent enlaigementi and, ac- 
cordingly, if the cuticle on which they are fixed should be extended, 
their base is not able to expand in the same proportion, and they 
drop off. 

98. Another interesting modi- 
fication of cellular tissue is that 
which surrounds the spaces or 
cavities formed in certun plants 
for special purposes. Thus in the 
Duckweed, the leaves are provided 
with a set of lur chambers, which 
give them great buoyancy; and 
nothing can be more heauti^ than 
the manner in which the walls of 
: these chambers are built up of 
muriform cellular tissue. In other 
saaes, these cavities appear to be 
formed as receptacles for certain secreted products; and here, 
too, they are very beautifully partitioned off from the surroundhig 




a chambenof squati 
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tissue, by a peculiar disposition of the 

cells. A good illustration of these is 

found in the rind of the orange and 

lemon; the odour and flavour of which 

are deriyed from the minute drops of 

volatile oil stored up in a vast number of 

these little cavities. The turpentine of 

_ ^^ _ , . resinous woods is collected in larger chan- 

F1g.26. Receptacle for , -,, j . x- 

fluid seoretion ; a cavity nels of the same description. 

bounded by ceUular tissue. 99 j^. -^ scarcely possible to observe 

the number of different forms (of which many have been left un- 
noticed) resulting from the varied combinations of the simple ele- 
meata^^membrane and Jilfrey — each of them probably having its 
peculiar frmction in the vegetable economy, without being struck 
with the simplicity of the plan by which Creative Design has ef- 
fected 80 many marvels, as well as with the extreme beauty and 
regularity of the structures which are thus produced. The com- 
parison of such specimens of Nature's workmanship as the meanest 
plant affords, with the most elaborate results of human skill and 
ingenuity, serves only to put to shame the boasted superiority of 
man; for whilst every additional power which is applied to mag- 
nify the latter serves but to exaggerate their defects, and to 
display new imperfections, the application of such to oiganized 
tissues has only the effect of disclosing new beauties, and of bring- 
ing to light the concealed intricacies of their structure. 



We shall next pass on to consider the structure of the compound 
organs of the Vegetable fabric, and their several purposes and 



uses. 



CHAPTER IV. 

STRUCTUBE AND FUNCTIONS OF THE ROOTS. 

100. The Hoots are the parts of the plant on which it is chiefly 
dependent for the supply of the moisture which its growth re- 
quires; and they also senre to fix it in the earth. That they 
absorb or suck up fluid with great rapidity may be easily shown in 
the following manner. Take any small plant that is growing in 
the soil, and immerse its roots (first clearing them of earth) in a 
tumbler of water. If the plant be exposed to the light of day, 
and especially if the sun shine brightly upon it, the water will 
disappear very much faster from the glass, than from one exposing 
the same sur^e, and placed in the same circumstances, but with- 
out the plant. And if the specimen continue to grow and flourish, 
it will take up many times its own weight of water in a short 
period. Thus, four plants of Spearmint, grown during 56 days 

' with their roots in water, and themselres weighing altogether but 
403 grains, hare been observed to take up 54,000 grains, or about 
seven pints of the fluid. 

101. Of the water thus absorbed, a small proportion only is 
retained within the plant, serving as a part of its food. The 
greatest part of it is sent off again from the leaves, by a process 
hereafter to be described, termed Exhalation ; and the rapidity of 
Absorption is in part governed by the rapidity of Exhalation. 
The latter is nearly checked by the absence of light ; and, accord- 
ingly, plants are found to absorb but little in the night, or in a 
dark room. Any of the causes which will be subsequently stated 
to influence the latter, affect the former in a nearly corresponding 
proportion. The object of the introduction of a quantity of fluid 
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into the vegetable system, so much larger than it retains, appears 
to be this ; — ^the solid mineral matters which constitute an im- 
portant part of the food of the plant, are contained in the water 
which reaches its roots in excessiyelj minute proportion ; and it is 
therefore necessary, in order that a sufficient amount of these may 
be obtained, that all the water in which they are dissolved should 
be introduced. As this is by fax too much for the other wants of 
the plant, a large part of it is got rid of by Exhalation. 

102. It is only in the more perfect plants, however, that we 
find a restriction of this power of absorption to one particular por- 
tion of the structure. In the Sea-weeds, for example, the whole 
sur&ce appears equally endowed with this faculty ; and there is, 
therefore, no occasion for that transmission of fluid from one part 
to another, which is characteristic of those in which we find a 
stem (or something correspondent with it) bearing roots at one 
end, and leaves at the other. Accordingly, that which is the 
natural condition of the latter, is fatal to the stemless plants ; for 
if a Sea-weed be suspended partly out of the water, the upper 
portion will die from drought, whilst that which remains im- 
mersed will continue to live and grow, without transmitting any 
of its moisture to the rest. Not unfrequently we observe the 

/arm of a stem and roots in Sea- weeds ; but this is only for their 
attachment to rocks, or other solid substances ; and the root-like 
portion has no special power of absorption, nor the stem of 
transmission. 

103. In some of the Cryptogamia a little higher in the scale, 
however, we find a condition much more approaching that of the 
Flowering-plants. Thus, in the Mushroom, we observe a soft 
stem, which sends off fibres into the groimd ; and these appear to 
absorb by their whole surface, and to transmit the fluid they have 
acquired to the portion which is elevated in the air. In the Mosses, 
the tissue of the stem is firmer, and the rootlets which proceeil 
from it are more woody ; these not only proceed from the stem 
but also from the under surface of the leaves ; and thus the dry- 
ness of the situations in whick these interesting little plants find 
their subsistence is in some degree compensated for. In Ferns we 
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have a woody stem and widely ramifying roots, like those of the 
Phanerogamia. 

104. If we examine the roots of any common plant with a 
branching woody stem, such as the Rose, we shall find that they 
subdiyide and spread^ beneath the ground, very much upon the 
same plan with the branches aboye. Moreover, it will be seen 
that, from the sides and extremities of these undeiground branches, 
there proceed a number of delicate fibres ; and if the extremities 
of these be carefully examined, they will be found to be much 
softer than the rest of the structure. Now these fibrils are the 
true roots ; and their sof); succulent extremities, which are called 
spongidea^ are the parts by which alone they absorb or suck up 
fluid. This is easily proved. If a growing Radish be carefully 
removed from the ground, and the fleshy portion be bent in such 
a manner that it can be covered with water, whilst the leavcSis and 
tuft of fibres at its point are not immersed, it will be found that 
the whole of this large surfitce does not absorb moisture enough 
to keep the plant alive. But, on the other hand, if this tuf); of 
fibres be only so far immersed in the water that their points may 
touch it, whilst the rest of the root is above the sur&ce, the plant 
will continue to flourish. 

105. The fact is that this absorption takes place with the 
greatest rapidity through soft newly-forming tissue ; and this is 
what gives the spongioles their peculiar power. They are, in feet, 
iAie growing points of the rootlets, which are constantly increasing 
in length, and which in this manner go in search, as it were, of 
the supplies of food of which they have exhausted the soil that 
previously covered their extremities. As this growth continues, 
the tissue at first formed gradually becomes consolidated; and 
when it has become hardened, it is no longer adapted for absorp- 
tion in more than a very trifling degree ; so that to the newly- 
forming point of the fibre this power is always nearly restricted. 
But in the young plant there is an interesting correspondence 
with the condition of the lower tribes ; for the soft roots, which are 
first sent down from the seed when it is commencing to grow or 
germinate, are, like the fibres proceeding from the base of the 
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Mushroom-stem, capable of absorbing by tbeir whole surface ; and 
it is only when woody fibre begins to be formed in them, that the 
power is restricted to dieir extremities. 

106. The knowledge that the delicate fibres, proceeding from 
what are commonly known as roots, are the true and only organs 
of absorption, has an important practical application. It very 
commonly happens that in transplanting shrubs or trees, of which 
the roots extend a good way into the soil, enough care is not taken 
to preserve these ; and the plant either languishes for some time, 
until it is able to form* new ones, or dies altogether. It is seldom 
that, under common treatment, a fruit tree will bear in the first 
season after transplantation. The following instance, however, will 
show what mode of proceeding is directed by the knowledge just 
communicated, and what success attends it. A gentleman in 
Shropshire had some valuable vines, which he wished to remove 
to a new property on which he was going to live in Norfolk. He 
had a trench dug around them, at such a distance as, it was be* 
lieved, would include all their roots. The earth within this was 
then removed, not with spades and trowels, but with the fingers, 
—every fibril being thus uncovered without injury. The mass of 
roots was then wrapped in moist matting ; the vines were carried 
across England, and then planted ; and in the ensuing season they 
bore an abundant crop, 

1 07* It is often observed that the growth of roots takes place 
in the direction best adapted to supply them with moisture ; and 
it has been supposed that plants possessed a kind of instinct, or 
consciousness, which caused them to select this. Many of these 
cases, however, can be explained without having recourse to such 
a supposition ; and it is probable that, with the advance of know- 
ledge on this subject, the remainder will be also. In fact, to attribute 
such an instinct to plants is to place them above the lower animals, 
which do not exhibit the power of making a choice of this kind. 
The most common cases are those most easily explained. A plant 
is in a dry soil, and it sends out its roots into a moister one ; or it 
is in a garden pot, and its roots project through the hole at 
the bottom, into the water which the pan below it may con- 
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tain, or into the moist earth with which it may be surrounded. 
Now thb is explained upon the following simple principle. The 
addition which is constantly being made to the extremities of the 
fibres, takes place in the direction of least resistance ; and, when 
the roots are making their way through a hard diy soil, the di- 
rection of least resistance will be that in which the earth is 
loosened by the flow of water ; towards the source of that moisture, 
therefore, the growth of the roots will be directed. 

108. The same principle has another curious application. 
Roots have been known to insinuate themselves into the crevices 
of walls, or even into chinks in the stones themselves ; and to 
burst asunder the walls of these after some time. Now when a 
root meets with such an obstacle as this in its growth, it is turned 
aside for a time, and endeavours, as it were, to creep round it. 
But should a chink give the opportunity for the new tissue to be 
deposited without obstacle in its original direction, the root will 
find its way into it. The fibril wUl grow, by the nourishment 
sent to it, and by its own absorption^ until it can no longer in- 
crease without the separation of the walls which confine it ; and 
this is accomplished by the force with which it imbibes fluid 
which causes it to distend itself with great violence.* This dis- 
tension is of the same character as that of a piece of dry wood 
when exposed to moisture. 

109. The foregoing explanations will apply to a case of no un- 
frequent occurrence, in which a tree growing on one side of a road 
sends out roots to a ditch or stream on the other, — these roots 
dipping deep beneath the hard bed of the road, and rising again 
on the farther side. It is evidently by the slight drainage or per- 
colation of water, which will take place along this line, that the 
roots follow the same course. A more remarkable case, however, 
which has been more than once observed, is where the roots direct 

* It is by this same kind of force, resulting from CapiUary AUrudion, (see 
Physics, Vol. I;) that mill-stones are split in quarries. A long cylinder is first 
cut out; and grooves are then chisselled in its circumference, at the points 
where it is desired to divide it. Wedges of wood are then driven into the 
grooves, and these are moistened ; by their violent expansion, the stone is spht 
into the required number of parts. 
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themselyes along a naked rock, to reach water at a distance of 
perhaps twenty feet. It is not improbable that the constant 
ascent of vapour into the air in that direction, may be in part the 
cause of this curious mode of growth. An instance occurs in 
Leigh Woods near Bristol, which remarkably illustrates this ten- 
dency of roots to grow towards the spot most fitted to afford them 
nutriment. In a little hollow on the top of the shell of an old 
Oak, the outer layers of which, howerer, and the branches are 
still Tegetating, the seed of a Wild-Service tree was accidentally 
sown. It grew there for some time, supported, as it would ap- 
pear, in the mould formed by the decay of the trunk on which it 
had sprouted ; but this being insufficient, it has sent down a large 
bundle of roots to the ground, within the shell of the Oak. These 
roots have now increased so much in size, that, as they do not 
subdivide until they nearly reach the ground, they look like so 
many small trunks. In the soil, however, towards which they 
directed themselves, there was a large stone, — ^about a foot square ; 
and, had their direction remained unchanged, they would have 
gsown down upon this. .But about half a yard above the ground, 
they divide, part going to one side, and part to the other, and 
one of them branching into a fork, of which one leg accompanies 
one bundle, and one the other ; so that, on reaching the ground, 
they enclose the stone between them, and penetrate on the two 
sides of it. 

110. This example serves to show another fact, — ^that it is 
not in every case that we are to regard the parts of the axis which 
are above ground as Stems, and those which are beneath it as 
Roots. There is a tree peculiar to tropical climates, called the 
Pandantu or Screw Pine, in which the roots are always formed 
in somewhat of this manner. The stem is smallest at its lowest 
part, and it enlarges considerably above ; hence it would be very 
unsteady without some additional support ; and this is provided 
for by the transmission of the roots, not only from the bottom of 
the stem, but at different parts of its ascent. These grow down- 
wards in the air, and are provided at their extremities with a 
kind of cup which catches the rain and dew by which they are 
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partly asdsted in their elongatiaii; when, howeTer, they hsTe 
reached the ground, this ialls off, and t^eir estremideH hecone 
tme sponi^olei. When they begin to absorb nonriahment bom 
the eaith, they increase greatly in diameter, and Beem like bo 
many assitrtant-Btems. 

111. The general &ct is, that the root is the portion of the 
axis which has a tendency to grow downwards towards moistoie, 
and away from light, whilst the stem is the portion which tends to 
grow upwards, into the dry Mr, and towards light. This tendency 
ii manifested during the earliest period of the growth of a plant 
from seed. Two parts always originate from it; one of which, 
termed the plvmuia (^m its resemblance, when just unfolding, 
to a little feather), is the ludiment of the stem and leaves, whilst 
the other, called the radicle, is the young toot. The first of these 



DIRECTION OF GROWTH OP ROOTS. 



81 




and the second a similar tendency to de- 
scend. The late ingenious experimenter, 
Mr. Kjiight, devised a means of showing 
that the direction of the roots is in part 
owing to the force of gravity. He placed 
some germinating heans on the circum- 
ference of a vertical wheel, and made this 
revolve rapidly and continuously for several 
days. From. the constantly varying position 
of the seed, the force of gravity was here 
neutralized ; hut a new force was suhsti- 
tuted for it, — the centrifugal force, or 
tendency to fly from the centre, which a 
stone (for example) let loose from the cir- 
cumference of such a wheel whilst revolv- 
ing would exhibit.* The root, influenced 
by this force as ordinarily by that of gravity, 
grew, in every instance, away from the 
centre of the wheel, whilst the stem grew 
towards it. 

. In another experiment, the wheel was made to revolve 
ntally, so that the force of gravity continued to operate, but 
ibination with the centrifugal force ; in this instance, the 
on of the radicle showed the evident influence of both ; for 
ted downwards and outwards. Why the radicle should be 
ifluenced by the force of gravity, when the plumula grows 
)08ition to it, is a question that has not yet been answered ; 
is interesting to know the fact. We are as completely ig- 
of the ultimate causes of the most common occurrences. 
» not know, for example, why the earth should attract the 
on its sm*face, or why it should itself be attracted by the 
We only know the general fact that all masses of matter 
one another. 

. Roots are ordinarily distinguished from stems, not only 
ir direction, but also by the presence of the absorbing fibres, 



Fig. 28. 
iiinating seed, 
aula ; 6, radicle. 



See Physics, Vol. I. 
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and by the absence of buds, — which last are so characteristic of the 
stem, that any part on which they appear may be ordinarily con- 
sidered such, even though it is growing underground. In general, 
however, the stem possesses the power of sending out root-fibres, 
as is shown by breaking off a slip of a branch and sticking it in 
the ground ; when if properly attended to, it will usually form 
roots for itself, and soon become a new plant. But it is more rare 
to find the roots capable of forming leaves and flowers ; this, how- 
ever, is the case in some instances, such as the Maple — ^a tree 
which may be completely inverted, the branches being buried in 
the ground, and the roots spread forth into the air, without being 
destroyed. 

114. The structure of the root-fibre, and of the spongiole which 
terminates it, may be beautifully seen in the common Duckweed, 
in which a single such fibre hangs from the under surface of every 
leaf, for whose nourishment it is destined. On looking at it with 
a magnifying glass, or microscope, a dark line is seen along its 
centre ; this consists of the bundle of vessels by which that part is 
occupied. These are enclosed in a firm sheath of cellular tissue ; 
and at the point, this tissue is observed to be softer, more spongy, 
and less regularly formed. The extremities of the fibres are often 
seen to be covered with a little cap, which corresponds with the 
cup which the aerial roots of the Pandanus have been spoken of 
as possessing (§ 110). • 

1 15. The wide-spreading roots of a forest-tree do in reality 
consist but of bundles or collections of such fibres, strengthened 
by woody structure resembling that of the stem, and arranged in 
the same manner. The structure of the woody roots corresponds 
mainly with that of the stem, being Exogenous in Exogens, and 
Endogenous in Endogens (Chap. Y.) ; but in the former no pith 
exists in the roots, their centre being occupied by vessels. The 
spread of the roots from the stem is usually greater than that of 
the branches; so that the rain which is prevented by the latter 
from falling direct upon the ground, is directed just to that part 
through which the root-fibres are distributed, ready to suck it up. 

116. The force with which the roots absorb fluid is very 
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considerable. If a Vine be wounded in the stem when the sap is 
rising in the spring, a large quantity will flow out, and will con- 
tinue to do so for some time. An Elm tree, firom which a portion 
of the bark and outer layers of wood had been accidentally torn ofi^ 
has been known to pour forth from the wound many gallons in a 
few hours; and the loss could only be restrained by nailing a 
leaden plate very firmly oyer the part. If the stem of a Yine be 
cut through, when the sap is ascending, and a piece of bladder be 
tied over the surface of the lower part, this is soon distended with 
fluid, and, in a few hours will burst. Or if to this portion be 
fixed a bent tube, in such a manner that the fluid which rises 
shall have to lift a column of mercury, the absolute force may be 
measured, and this is found to be very great. 

117. The question, then, arises, — ^by what power do the roots 
thus absorb and force upwards through the stem the fluid of the 
surrounding soil ? Is this power peculiar to the living system, or 
can we in any way account for it on the laws of mechanics ? 
Something analagous may be effected by the experimenter, with 
materials which he obtains from dead structures, or even from in- 
organic matter. If a glass vessel, of the shape delineated in the 

figure, have its wide open mouth covered with a 
piece of bladder, and its cavity filled with rather 
thick syrup or gum- water, whilst the under side 
of the bladder is immersed in simple water, the 
volume of fluid within the glass will be much in- 
creased by the passage of water firom without, 
through the bladder, to mix with the fluid in the 
Fig. 29. interior ; and this entrance will continue as long 
as there is much difference in density between the fluids on the 
two sides of the bladder. But there is also a contrary current to 
a less amount, — ^the interior fluid passing out to mix with the 
surrounding water. The increase in the volume of the fluid within 
the vessel is, therefore, equivalent to the difference in the amount 
of the opposite currents. If, on the other hand, the glass were 
filled with water, and immersed in syrup, it would be partly 
emptied by this action. 
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118. The principal current is termed Endosmose (flow in- 
wards) ; and the lesser one is called Exosmose (flow outwards), 
Bladder or animal membrane is bj no means the only porous sub- 
stance which may be used for this purpose, though it is the most 
fitted to exhibit the experiment, from the rapidity of the action 
which takes place through it. Half-baked porcelain, and a pecu- 
culiar porous limestone, have been shown to have the same pro- 
perties ; so that it is evident that this curious result is not dependent 
upon any modification of vitcd power. It is, in ^t, but a peculiar 
form of capillary attractioii,* 

119. Now the conditions requisite for this action are two fluids 
of different densities, separated by a septum or partition of a porous 
character. This we find in the roots. The fluid in their interior 
is rendered denser than the water around by an admixture (as will 
be hereafter explained) of the descending: sap ; and the spongiole 
supplies the plie of the partition. Ss, Lb, as long as this 
difference of density is maintained, the absorption of fluid may 
continue. But if the rise of the sap is due to the action of Endos- 
mose, there ought also to be an Exosmose. This is found to take 
place ; for if a plant be groNvn with the roots in water, the fluid 
surrounding them is soon found to contain some of the peculiar sub- 
stances they form, and which are contained in the descending sap \ 
thus a Pea or Bean would disengage a gummy matter, — a Poppy 
would communicate to the water an opiate impregnation, — ^and a 
Spurge would give it an acrid taste. 

120. Thus we see how beautifully and how simply this action, 
extraordinary as it seems, is accounted for, when its whole history 
is known', on principles which operate in other departments of 
Nature. It has been asked, — why should not Endosmose take 
place when the roots of a dead plant are put in water ? This 
question may be answered by another ; — why does the wick of a 
lamp suck up oil only when it is lighted. The answer to both is, 
that it is only when the fluid already absorbed is in some way re- 
moved, that absorption can go on. In the latter case, as fast as 

* The attraction wliicli causes fluids to rise into very minute tubes or 
poroi. (See Physics, Vol. 1.) 
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it is withdrawn by combustion, the lower part of the wick raises 
it by capillary attraction. In the former, as fast as the fluid is got 
ridof by exhalation from the leaves (Chap. VIII.), the Endosmose 
below will keep up the supply ; but if the demand is suddenly 
checked, (as when the plant is withdrawn from the influence of 
light, or its vitality be destroyed by an electric shock,) there is no 
room for any additional fluid within the system, and the absorption 
is checked also. 

121. "When the upper part of the stem is cut off, the sap 
will continue to rise by the force of Endosmose in the roots, so 
long as the fluid within is of greater density than the fluid without 
But that will soon cease to be the case, the actions of the leaves 
being destroyed, and no descending sap being intermixed to keep 
up the force. These two causes, then, — ^the absence of any de- 
mand for sap in the leaves, and the cessation of the condition 
necessary for the maintenance of Endosmose, — are quite sufficient 
to accoimt for its absence in the dead plant ; and its performance 
soon becomes impossible for another reason, — ^the decay of the soft 
tissue of the spongiole through which it is performed. 

122. The nature of the fluid absorbed by the roots of plants 
will be more fully discussed in Chapter VI. when their food and 
the mode in which they are nourished by it will be described. It 
may, however, be stated here, that they appear to have a certain 
power of selection^-— some of the substances dissolved in the fluid 
which surrounds the roots being absorbed, and others being re- 
jected. Thus, if a grain of Wheat, and a Pea, be grown in the 
same soil, the former will obtain for itself all the silex or flinty 
matter which the water can dissolve ; and it is the deposition of 
this in the stem, which gives to all the Grasses so much firmness.* 
On the other hand the Pea will reject this, and will take up 
whatever calcareous substances (or those formed of lime and its 
compounds) the water of the soil contains, — ^these being rejected by 

* There is enough Bilex in a Wheat-straw to make a bead of glass when 
melted with potash with the blowpipe ; and in the Bamboo it is sometimes 
collected in the knots in large masses, forming the substance called tabasheer 
in the East. 
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the Wheat. — Again, if the roots be placed in water coloured by 
any substance of which the particles are very minute, the finest 
of these will be absorbed with the fluid, and will be carried to the 
leaves; whilst the coarser ones are left behind. In the same 
manner, if the roots be immersed in a solution of gum or sugar, a 
certain proportion only of these substances will be taken up with 
the fluid in which they are dissolved ; and that which remains 
will thus become gradually thicker. 



CHAPTER V. 

OF THE STRUCTUBE AND FUNCTIONS OF THE STEM. 

123. The chief office of the Stem appears to be, to elevate the 
leaves — which are organs destined to convert the crude fluid ab- 
sorbed by the roots into nutritious sap for the supply of food to the 
structure, — and the flowers, — ^in which this sap is applied to the 
production of new individuals, — into the most favourable position 
for receiving the influence of light, heat, and air, on which their 
due actions depend. Accordingly we usually find it most de- 
veloped in those kinds of plants in which one portion of the sur- 
fece is set apart for the absorption of fluid, and another for its 
exposure to these influences. In the little plant which constitutes 
the Bed Snow, and in others of a similar grade of organization, 
we find the whole surface adapted to absorb, and the whole sur^ 
fece equally exposed to air ; there is, therefore, no necessity for 
a stem. But as soon as, in the Mushroom tribe for example, the 
plant sends roots into the earth, it elevates the other portion above 
it by means of a stem ; and in this stem there is a set of channels 
or passages, which serve to convey the absorbed fluid from below 
upwards. But in these humble plants, destined to live but for a 
short time, and then sptedily to decay, there is no necessity for 
providing the short stem with the toughness required in the trunk 
of the lofty forest-tree, which braves the storms of centuries. And 
accordingly we find that, whilst in the former the tissue is soft 
and cellular, resembling that of the rest of the structure, in the 
latter it is firm, and consists almost entirely of woody fibre, and 
this is consolidated by the deposition of hard matter within its 
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124. Between these two extremes of softness and toughneslj 
there are a great many intermediate conditions. In flowering- 
plants which onlj live for one year, and are hence known as 
annuals^ the stem is usually herbaceous ; — that is, it consists al- 
most entirely of sofit cellular tissue, but contains, howerer, some 
bundles of woody fibre and vessels, which may be traced to the 
stalks of the leaves. These are commonly known as the stringt of 
vegetables whose stalks or roots are eaten, such as Asparagus or 
Turnips ; and that degree of stringiness which makes such plants 
unfit for the table when their growth is too &r advanced, results 
from the increased formation of woody fibre which takes place 
towards the end of the season. In plants, however, the duration 
of whose life is greater, the stem gradually becomes consolidated 
by the formation in each year of a new set of these bundles, so 
that in time the soft cellular part bears but a small proportion to 
the whole. All stems, however, begili upon the same plan, what- 
ever be their duration and ultimate density ; and the structure of 
a first-year's branch of an Oak, for example, is essentially the same 
with that of the stem of an annual Pea. The foimdation is laid, 
as it were, by an extension of the cellular tissue firom which it 
springs, this being the kind of structure which most rapidly in- 
creases ; and the consolidation of this is then gradually effected by 
the deposition of woody fibre in its substance. 

125. But the stems of Flowering-plants are not all formed 
upon the same plan ; in fact there are two different and nearly 
opposite modes in which the woody bundles are arranged in the 
stem ; and to one of these, they may be all referred. If the stem 
of the Asparagus be cut across, it will be seen that they are dis- 
tributed at intervals through its whole substance. On the other 
hand, in the stem of a Pea they would be seen regularly arranged 
in a circle, a little beneath the exterior. The former, if it con- 
tinued to live and grow, would have its new bundles deposited in 
the interior of the stem; whilst the latter, if it survived a second 
summer, would have a new circle of woody bundles deposited on 
the exterior of the first. The former is then called an Endogen, 
(growing from within) ; the latter an Exogen, (growing outside.) 
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*io the first division belong the Palms, Bamboos, Canes, and 
many other hardnstemmed and lofty tribes inhabiting tropical cli- 
mates ; but scarcely any except herbaceous plants belonging to this 
division exist in temperate regions ; the chief tribes which it in- 
cludes in this country are the Lilies, and most other bulbous- 
rooted plants, and the Grasses. To the second belong all the 
trees and shrubs, and a large proportion of the plants of tem- 
perate dimatesj whilst between the tropics its place is partly 
occupied by the other. The last, as being the best known in this 
country, will be first described. 

126. If we cut across a young twig of any common tree or 
shrub, such as the Ash, Elder, &c. we shall observe that it oon->> 
sists of three distinct parts, ordinarily known as the Pitk^ Wood^ 
and Bark. The pith is a soft spongy substance occupying the 
centre ; if a thin slice of it be cut, either across or vertically, and 
magnified, it is seen to consist entirely of cellular tissue, the cells 
of which are mostly of a very regular form. When young it con* 
tains a good deal of fluid, and has a greenish hue ; when the 
branch is older, it becomes white ^ad dry ; and in an old stem or 
branch, it is often found to have shrivelled up and almost entirely 
disappeared. 

127. Now this pith is the first-formed portion of the stem, 
being in fact the remainder of that cellular structure, of which the 
whole was originally composed, but which gradually gives pl^e 
to the woody portion; and whilst at first it has to impart nourish- 
ment to the organs which are growing firom it, this function is 
performed more perfectly by the vessels as soon as they are de* 
veloped in the stem, and the pith becomes of no further use. The 
pith of a branch is always an extension of that of the branch or 
stem firom which it sprang ; and if the latter be cut through, just 
where a bud is rising firom it, this will be seen to consist at first 
almost entirely of a kind of prolongation of the cellular portion 
which occupies its centre. The pil^ of trees is applied to no im- 
portant use. One curious product is obtained however from the 
large pith which constitutes nearly the entire stem of a herbaceous 
plant ; this is the substance known as Bke Paper^ which is made 
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by cutting the Bofl portion of the stem witli a sharp knife in a 
spiral manner, so as to cause it to spread out, as if a sheet of paper 
were being muolled from a round ruler. It is then flattened out 
by pressure ; but its character, as cellular tissue like that of other 
piths, may be easily shown by magnifying a small portion of it. 

128. The pith is surrounded by the woody layers, the number 
and thickness of which depend upon the f^e of the branch or stem. 
In the herbaceous stem, the woody portion (aa already stated) 

—1—^^ presents itself in the form of distinct 

sti-inffs, arranged in a ctrde b^weoi 
the large pith and the external skin 
or bark. Each string is separated 
from its neighbours by a proloi^^ 
fion of the pith, which thus main- 
tains its connection with the bark. 
Ill the stem of a second year, how- 
ever, these bundles are found to form 
a second ring, enclosing the fint, 
., *'^- ^U "^T; "''"t"!^ but still beneath the bark, which is 

the fOnnation of tho Btem ; a, pith; 

b, bark; c, c, c^ plates of cellular carried outwards, as it were, to ad- 

ttesue GODnectiniF them, termed -. -. rm. * ... e m.\. 

in6dulU.7 rays; rf, d, I woody ""* ^^ ^he prolongations of the 
bundles intoiiioMd between theae. pith still eiist ; but they become 
narrower in each ring, and at last appear merely as lines diverging 
from the centre. They are called medullary ray» (or rays pas^ng 
off from the medulla or pith) ; and their office is to maintain a 
constant connection between the pith and interior of the stem and 
the bark or exterior, for an important purpose hereafter to be 
mentioned. The thin plates which they form, crossing as they do 
the direction of the fibres of the wood, ace known as the silver 
grain by Carpenters. In many instances they add greatly to the 
beauty of the wood. {See Fig. 32.) 

129. The uumber of rings or layers of which the wood of any 
stem or branch consists, is in general easily reckoned by cutting 
it across; and they correspond exactly in this climate with the 
number of years which the part has existed. There is reason to 
believe, however, that, — though in temperate climates, the trees 
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of Trhich shed their 
leares and renew them 
once a J ear a layer is 
formed no oftener, — in 
trop cdl climates where 
many kinds of trees have 
two or three successions 
of leaves m a year, a cor- 
respondmg number of 
lajers will he formed. 
In thiB way we can ac- 
count for the extraor- 
dmary number of layers 
m the Baobab trees of 
^^ '^negal without having 
., r. ■■ ,-- --,-. - ■ »een recourse to the supposi- 

tlep Ui,o,oompOBeii of cellular tdBsuB surround , , '^f 
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130. Each layer of wood consists partly of vessels or ducts, 
and partly of woody fibre. The former always lie next the centre, 
and are the parts earliest formed; the latter 
protects them on the outside, and is produced 
towards the end of the season. The mode in 
which these are arranged, however, varies in 
different trees; and it is principally this which 
gives that beautiful variety observed in sec- 
tions of many woods, when examined with the 
microscope. The ducts are at once distinguished 
n Eio- by the la^e size of their orifices; and the 
igthst woody fibres by their comparative minuteness. 
. ^ ^Jj^ Amongst the ducts, however, we usually find 
ducti 6, *, nroodT lying some elongated cells, which fill up the 
fibre* -, c, c, cut endi , . , . < 1 • 1 

of the medullarj Spaces between them, and whicn sometimes 

"?*• resemble woody fibres in fonn, but differ in the 
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finxmess of their waDs. Wliaterer he the nsmber of animal laje^ 
they are always traTersed bj die mediillaij iajB| whidi contmue 
to extend outwards, with erery additian to the diameter of die 
stem, eren when the pit^i and die inner lajen of wood have 
decared awaT. 

131. In most trees, of whidi the wood is vsed as timba; the 
inner and older portian is mnch harder and dryer tiian tiie ex- 
tenor. Sometimes there is an erident line of demaicatiom b^ween 
the heart-wood^ or dtcran^an^ as it is ciJled, and the mp-wood^ or 
aSmmum ; this is seen, for example, in the lignum Titae, and 
coco wood, which are mnch employed by tmnen. But in most 
cases, the chtfbge of c^iaiaeter is more gradnaL ThtB diange is 
due to the consolidation of the interior wood, by die depositioii 
in its tubes of resinous and other matter secreted by the plant. 
The portian of the stem in whic^ 1^ has taken place thus ac- 
quires great toughness and durability, but it is no longer fit to 
peifbnn any office in the firing system, sare that of medianically 
sopporting the rest ; anoe no fluid can pass in any way through the 
now-fiUed-up channels. It is through the newer layerSy or sf^p- 
wood, therefore, that l^e sap entirely ascends ; and these, in their 
turn, become enclosed by otheis, and are at last consolLdated, like 
the more aged ones, into duramen. Hie heart-wood alone is used 
by tbe artixan ; for the sap-wood soon spHls and decays. 

132. As the pith and ibe inner layers thus graduaUy lose thdr 
original employment, and as in the outer part of die stem akme any 
actire processes of regetadon go on, the Conner may be lemoTed 
widiout injury to the latter ; and diis is often naturally aooompUshed 
by decay, which destroys tbe heatt of an aged tree, widi some por- 
tion of die exterior of the stem, but leares tbe remainder a mere 
shell, still capable, however, of putting fortb buds and lHranche% and 
of adding to its own thickness. 

133. The chief important Taiiety in tbe strocture of the Exo- 
genous stem is diat exhibited in die Pine and Fir tribe. No 
ducts exist in dicir wood ; whilst die diamet^ of tbe tubes of the 
wood itself is greater tban in odio' oases ; so that a horizontal 
section of the stem shows a series of c^poiings of the same size, 
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nonged with beautiful regularity, the division into annual layers 
>eing usoiallj well-marked. As a general rule it may be stated 
bat these are separated by the most distinct line in trees inhabit- 
ng temperate or cold climates, whose yegetating processes are 
jntirely suspended by the cold after each layer is formed, whilst 
n trees of warmer regions, they pass into one another more gradu-^ 
illy. In the former, too, there is often a considerable difference 
in the thickness of the respective layers, according as the seasons 
haye been favourable, or otherwise, to the formation of wood ; 
whilst in the latter their thickness is in general nearly uniform. 

134^ These facts come to be of much interest, when we ex- 
amine the structure of the fossil plants, which are not imfrequently 
found imbedded in solid rock ; for they thus afford evidence that 
the temperature of this quarter of the globe was both higher and 
more equable at the time they grew here, than it is at present ; — 
an opinion which is equally supported by the nature of the fossil 
remains of Animals existing at the same period. 

135. Between the pith and the adjacent layer of wood, a deli- 
cate membrane may be traced, which is termed the medxdlary 
sheath. This consists almost entirely of spiral vessels, which are 
seldom found in any other part of an Exogenous stem, except 
when they pass off from thi§ towards the origins of the leaves. 
Their office is a very important one, as will be hereafter seen. 

136. The wood is enclosed by the bark^ which is, like it, 
formed in regular layers, though these are much thinner, and can- 
not be so plainly distinguished. The layers of bark are formed 
from the interior^ so that the oldest are on the outside. These are 
gradually lost, either by decay, or by falling off; so that it is very 
seldom that the same number can be traced in the bark as in the 
wood, although an additional one is formed in each at the same 
time. As the new layer of wood is formed on the outside of the 
previous one, — at the point, therefore, at which it is in contact with 
the bark — ^and as the new layer of bark is added to the inside of 
the previous one, — at the point, therefore, at whioh it was in con- 
tact with the wood, — ^it is obvious that they are produced at the 
s^me spot, and that the newest layers of both will always be in 
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contact with each other. Their production seems to take place in 
somewhat of this manner. At the end of the spring, the bark 
becomes loosened from the wood, with which it was preyiouslj in 
c'ose contact, and a glutinous fluid, termed the cambium^ is found 
between them. This may be observed by stripping the bark from 
almost any twig at that season. The cambium is gradually organ- 
ized into cells, and from these are formed the ducts and ceUular 
portion of the woody layer, and the cellular portion (which is much 
the greatest) of the layer of bark. Later in the year, the woody 
tubes grow downwards from the leaves, obtaining nourishment 
from the fluid portion of the cambium as they descend, and at last 
partly imiting themselves with the vessels, &c. of the new woody 
layer, and, in smaller proportion, with the tissue of the bark. 

137* In some kinds of trees, the bark contains a great deal of 
cellular tissue, and is therefore thick and spongy ; this is the case 
with those that furnish cork^ which may be regarded as a sort of 
external pith. The inner layers, however, to which the name of 
liber is given, are usually thin and delicate in their texture, and 
have been applied to various usefrd purposes. One of these is in- 
dicated by the meaning of the term liber in Latin, which signifies 
a book; and thus in that language a book and the inner bark of a 
tree had the same name. The fact was that, before the invention 
of paper, the inner bark was one of the substances used by the 
Romans for the same purposes, as the leaves of the Papyrus 
(from which the term paper is derived) were employed in Egypt 
It is the liber of other trees which is used by the. islanders of the 
Polynesian Archipelago for cloth, mats, sails, &c. A very beauti- 
ful kind of liber is that obtained from the Vegetable-Lace tree 
(as it is called) of Jamaica ; when its layers are unfolded, it has 
the appearance of a delicate lace. 

138. From what has been stated as to the successive formation 
of new layers within, and the gradual loss of those on the exterior, 
it is evident that each layer of bark will in its turn be brought to 
the surface and be thrown off. On the other hand, each layer of 
wood is gradually being imbedded more deeply. Hence it follows 
that, if any substance be placed in the newest layer of wood, it 
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will graduaUy be covered by others ; so that if the tree be cut 
down at any ^ture time, the number of years that have passed 
since it was imbedded may be known by counting the number of 
layers on its exterior. On the contrary, if the substance be not 
driyen into the wood, but remains in the newest layer of bark, it 
will be gradually brought to the siuface and will fall out. Such 
experiments haye been tried for the purpose of showing the mode 
in which these two parts of the stem respectively grow. 

139. As the bark is sufficiently distensible to admit of the in- 
crease of diameter of the interior of the stem, there is no necessary 
limit to the age of Exogens ; and there are many unquestionable 
examples of such trees haying attained an enormous longeyity. 
In this coimtry the Oak and the Yew appear to be the longest 
lived. At EUerslie, the birthplace of Wallace, exists an Oak 
which is celebrated as having been a remarkable object in his 
time, and which can scarcely, therefore, be less than 700 years 
old. Near Staines, there is a Yew tree older than Magna Charta ; 
and the Yews at Fountains Abbey, in Yorkshire, are probably 
more than 1200 years old. Eight Olive trees still exist in the 
Garden of Olives at Jerusalem, which are known to be at least 
800 years old. But the rate of increase in old trees is by no means 
the same as in young ; so that when they are grown for the profit 
to be derived from their timber, it is not advantageous to let them 
pass a certain age. Thus the rate of growth in the Oak diminishes 
greatly after about seventy years ; that of the Larch after sixty ; 
and that of the Elm after about sixty-five. 

140. It is in the vessels and woody tubes of the alburnum that 
the fluid absorbed by the roots is transmitted to the opposite ex- 
tremity of the stem ; and these vessels communicate with those of 
the leaves, which receive it from them. In the liber, on the other 
hand, the fluid which has been converted in the leaves into 
nutritious sap, descends again through the trunk, for the purpose of 
nourishing its difierent parts. Of this descending sap, a part is 
carried inwards by the medullary rays, which thus diffiise it 
through the whole stem, as also through the substance of the 
roots, down which it is conveyed by their bark. In this descent, it 
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mixea with the asceDding current, eapecialljr at its lower part ; and 
being much superior in density, it adds to the density of that fluid, 
and thus maintains the conditions requisite 
for endosmose (5 119.) The vessels down 
which the sap moves in the bark are of the 
branching character described as peculiar to 
those which convey the nutritious fluid 
($ 87-) They form a coinplete network, in 
which the fluid may be seen to move in 
various directions. For this motion no defi- 
nite cause can be assigned. It does not 
depend on any impulse from above, corrC' 
Branehinf Ttswlsofthe sponding to that action of the roots which 
Baik, raises sap in the stem ; for there is no power 

in the leavee to ^ve any such force. It has been supposed to de^ 
pend upon the gravity of the fljiid, which wiU cause it to descend 
simply by its own weight ; but if that were the case, it would not 
ascend, as it often does, in the bark of the hanging branches of 
such trees as the Weeping Ash or Willow. It is only one, how- 
ever, of numerous cases in which a movement of nutritions fluid, 
through channels in the solid parts it supplies, takes place without 
any evident cause, in animals as well as vegetables. 

141. The stem of Endogens is formed upon a very difia«nt 
model As already stated, the woody bundles in the stem of a 
year's growth, such as that of the Asparagus, are distributed 
through the whole of the cellular mass which originally consti- 
tuted it ; and a similai arrangement would be found in the etem of 
a Palm or other aged tree. Instead of being united into rings, 
these bundles remain separate; and it is only on the exterior of 
the tree, where they are closely pressed together in consequence 
of the continual addition of new woody matter to the interior, 
that they form any thing like hard wood ; and even this, though 
very useful for some purposes, does not possess the kind of texture 
which adapts it to the work of the artizan. Each annual set of 
woody bundles, which'prtceed (as in Exogens) from the leave^ 
passes downwards in the softest part of the stem, which is its 
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interim ; but after pToceeding for tome distance in this manner, it 
tnnu outnaida, and interlacea itself with those which were preri- 
onsly ibrmed. la this manner, the lower part of the exterior of 
a Palm stem becomes extremely hard; partly from the preBsnre 
froia within, to which it is not elastic enough to yield ; and partly 
Grom the coiislant interlacement of these new fibres, which irind 
themselTCs in among the dense tangled mass of the old, like roots 
■eeldng to pass through a stone wall. This density is sometimes 
■o ffreat, as to resist the blow of a sharp hatchet. 

142. The cellular portion of the stem, which in Esogens was 
separated, by the first introduction of wood, into pith and bark, 
here remains intermingled with the wood through the whole dura- 
tion of life, as is shown 
m the nccompanying 
figure E^chnoodybun- 
dle contains ducts and 
spiral vessels, besides 
i^oody fibie, and these 
are arranged m such a 
manner that the spiral 

next the centre and are 
protected by the woody 
fibre on the exterior. 
The same elements, 

_, „ „ ,,._,. ... therefore, exist in this 

Kg M HomontAl mA vertioal Motion of the . c . 

■terooriiiiEiidogGii,Bhowiiij{tliebundleaofducta, stem as m that ot the 

woo^i fibre and spiral vessels, irregularly dis- !?,„„„„ k... tk-,, j:(R,_ 

u dotted in their mode of ar- 
rangement. From their 
peculiar structure, they increase rery little in diameter, the hard- 
ness of the exterior not permitting their enlargement. The con- 
sequence of this is, that there is a limit to their age; for the 
continual addition of new woody bundles to the interior so much 
compresses those which were previously contained in the stem, 
that they are no longer perrious to fluid, and the tree dies. Nature 
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sometimes provides a remedy for this, in the splitting of the hard 
envelope, which allows the interior to dilate ; and this has heen 
successfiilly imitated hy art, — vigour having been restored to a 
Palm which had begun to languish, by splitting down the exterior 
of its stem with a hatchet. 

143. Although no complete distinction exists between the 
cellular and woody portions of the stem in Endogens, yet it is in 
the interior that the former predominates ; and hence some Palm- 
trees, as that which produces Sago, have been said to have a pith, 
which is (strictly speaking) erroneous. Through what channels 
the ascending and descending sap of Endogens respectively move 
has not been ascertained ; but there can be little question that it is 
chiefly through the ducts that the former rises, whilst the latter 
finds its way downwards through the cellular interspaces. From 
the cellular portion of the stem, in Endogens as in Exogens, the 
buds take their origin ; whilst the roots are chiefly prolongations 
of the bundles of wood and vessels. This is well seen in the Pan* 
danus, where the bundles that ordinarily make their way down- 
wards within the stem, and would there form part of the wood, 
pass outwards and become aerial roots ($ 1 10.). 

144. The same cause which sets a limit to the age of Endogens 
exempts them from the injurious eflects which Exogens often ex* 
perience from the compression of their stems by ligatures of various 
kinds. If a cord be tied tightly round the trunk of an Exogen, 
it will ofier little impediment to the ascent of the sap ; but it will 
obstruct its descent through the bark. In consequence, there will 
be a deficiency of nourishment to the parts beneath, and a super* 
fluity above ; so that a protuberance will arise from the stem just 
at the point where the downward flow of the sap is checked. This 
protuberance will increase in progress of years, if the tree survive, 
so as almost to bury the cord beneath it ; but most commonly the 
tree is destroyed ere long, by the insufficient supply of nourishment 
to the roots. 

145. Now such obstructions not unfrequently arise from na- 
tural causes. There are several creeping plants,^ whose habit it is 
closely to embrace the stems round which they coil ; such is th«» 
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common Bindweed of this country ; and in tropical climates these 
creepers are more numerous, and their stems more woody. These 
seldom wind in complete rings, but in a spiral, growing like a 
corkscrew ; and thus the descent of the sap is rather obstructed 
than prevented. But an accumulation of the nutritious fluid takes 
place above the whole line of the spiral : so that, when the creeper 
is removed, the stem presents the curious appearance of a deep in- 
dentation passing round it from one end to the other, and on the 
upper edge of this a corresponding elevation. Endogens are subject 
to no such alteration ; as the sap does not pass down the exterior 
of the stem, and its diameter increases but little. 

146. Such creepers are exceptions to the general rule that it is 
the tendency of stems to grow vertically or right upwards. This 
tendency is sometimes shown in a very curious manner. If the 
trunk of a young tree be artificially bent, by drawing it (for in- 
stance) by a cord to one side, the branch which then most nearly 
approaches the vertical direction will increase more than the rest, 
and will at last appear quite continuous with the lower part of the 
stem. Again, if the trunk of a tree which usually throws out its 
branches almost horizontally, such as the Elm, be broken off, the 
highest branches will gradually approach the upright position, so 
as to appear like continuations of the broken trunk. In coiling 
stems, however, it would appear as if some tendency to turn to 
one side was constantly operating in conjunction with the upright 
growth ; so that a cork-screw-like form is produced. 

147. It is a little remarkable that, though this turn is usually 
in the contrary direction to that in which the sun appears to move,. 
{as is the case in the common Bindweed, most plants of the Pea 
tribe, the Passion-flower, the Dodder, and many others,) it is 
sometimes the same with it, as in the Hop. Almost all flowering 
plants, however, exhibit some tendency to a spiral growth in their 
stems. It will be hereafter shown that the regular arrangement of 
leaves on the stems and branches is in a spiral line. Moreover, in 
many smooth-trunked species, as the Cherry-tree, the bark is 
m(»re easily torn off in a spiral than in any other direction. In 
trees having few branches, such as the Fir, it is not uncommou to 
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see the same tendency manifested by spiral fissures in the wood, 
when the bark has been for some time removed. The direction of 
this kind of twist seems to be as constant in straight stems, as in 
those which manifest it by coiling ; thus, the Common Ghesnut 
and the Horse-Chesnut have been observed always to twist in 
contrary ways. 

148. The stem is not always solid, either in Exogens or Endo- 
gens. Thus among the former, the well-known tribe of Umbel- 
liferous plants presents many instances of a hollow stem, as in the 
common Hemlock ; and in the latter, the Ch'ass tribe affords a 
corresponding example. In these instances, the hoUowness of the 
stem is due to the expansion of the outer portion faster than the 
interior can keep pace with it. The young stem is not hollow in 
either case; and it is a beautiful instance of mechanical con- 
trivance, that, in these rapidly-growing plants, which are to be 
rendered independent of support from others, the limited quantity 
of hard tissue which they form should be disposed at such a dis- 
tance from the centre, as to give the greatest strength with the 
least expenditure of material. If the material of a Wheat-straw, 
for example, were disposed in a solid form, it would make but a 
thin wiry stem, which would be snapped with extreme &cility. 
In the hollow-stemmed Endogens, such as Grasses and Bamboos, 
and in many others, as the Sugar-cane and other Ganes, we obserre 
certain divisions of the stem, which are called nGclea or knots. 
Where the remainder of the stem is hollow, it is always solid here ; 
and the partition has a peculiar degree of firmness, derived from 
the interlacing of fibres from all sides. And wher3 the remainder 
of the stem is filled up (as in the Sugar-cane) with soft spongy 
tissue, there is still the same kind of firm division at the node. 
The space between the node is termed the intemode; and firom 
each one of these divisions, we usually find a single leaf-bud, or 
pair of leaf-buds, originating. The divbion into nodes is not so 
perceptible in Exogens; but it may be regarded as always existing. 
It is best seen in the young shoots of the Vine ; where the fieict 
that, from each intemode but a single bud or pair of buds origi- 
nates, is equally evident. Hence, when the stem itself does not 
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exhibit any distinct diyision by nodes, the Botanist is accustomed 
to regard them as existing near the points fi:t)m which leaves or 
branches arise ; and to consider as intemodes the spaces between 
these. 

149. Many parts are commonly regarded as roots, which are in 
reality stems. Their position, whether above ground, or beneath 
the surface, is no criterion as to their real nature. It has been 
seen ($ 110.) that roots sometimes grow in the air, and it is equally 
true that stems frequently grow in the earth. What are ordinarily 
called bulbous roots^ for example, such as those of the Onion, 
Hyacinth, Lily, &c. are in reality underground stems. It was for- 
merly stated (§ 111 — 113.) that the real distinctions between the 
root and the stem consist in the contrary directions of their growth, 
and in the tendency of absorbing fibres to arise from the former, 
whilst the latter gives origin to leaf-buds. Now the base of the 
bulb is the real point of division between the stem and root ; for, 
whilst all below it, — namely the fibres which really constitute the 
roots, — has a tendency to grow downwards, the mass of the bulb, 
together with all above it, has a tendency to grow upwards. 
Further, the scales of the bulb are in reality but leaves^ changed 
from their usual character and aspect, or metamorphosed ; and at 
the base of every one of these scales, is found a little bud^ occupy- 
ing the same position in regard to it as the buds to the leaves on 
the higher parts of the stem. (§ 301.) Thus we perceive that here 
the stem is in a very contracted state, the intemodes not being 
developed, and the leaves and buds of several nodes arising close 
together. The difference between one of these scaly bulbs, there- 
fore, and the solid fleshy expansion of the root which constitutes 
a turnip or turnip-radish, is at once evident. 

150. But stems are sometimes so completely clianged in their 
direction as well as form, that they can scarcely be recognized as 
such, except by their tendency to produce leaf-buds. Thus they 
sometimes creep along the ground, or even just beneath it, send- 
ing up buds, which develope themselves into branches, at intervals. 
Of this kind is the rhizoma or root-stock of most British Ferns, 
which creeps above ground in some species, and below in others ; 
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and the Ginger-plant of tropical countries has a stem of the same 
character, which really fiimishes Ginger, although this is com- 
monly spoken of as the root of the plant, heing partly buried 
beneath the ground. The runners of the Strawberry, again, are 
but trailing stems, which send down roots and develope buds at 
intervals, and thus extend the plant. This tendency, which is ser- 
viceable to man in this instance, is very troublesome to him in 
another ; for in the same manner the Couch-grass ovemins pas- 
ture lands, exterminating, if its increase be not checked, their 
original vegetation. As every intemode of these trailing stems 
possesses the power of developing both roots and buds, it is usdess 
to attempt to destroy the plant by chopping the stem into pieces ; 
for this is in reatity only multiplying it. It is well to mention, 
however, that, though usually regarded as a very rank weed, the 
imderground shoots of this plant constitute a peculiarly nutritious 
food for cattle. 

151 . One of the most distorted forms of the stem is that which 
presents itself in the Potatoe. This plant grows with an imder- 
ground stem, sending up its flowering branches into the air, and 
sending its roots downwards into the earth ; but on this stem it 
forms at intervals the ttU>er8 or knobs, which constitute such an 
important article of food to man. That these tubers are still parts 
of the stem, is shown by their power of originating buds, from 
the points commonly known as the eyes of the Potatoe. When, 
therefore, we divide the tuber into pieces, keeping an eye in each, 
from every one of which we expect a young plant to spring, we 
follow in fact the same plan as that adopted in planting Sugar- 
Canes, which are not propagated from seed, but by dividing the 
stem into its intemodes, and laying each of these separately in the 
ground. And thus it is seen that the division of the creeping 
stem of the Couch-grass effects in reality the same end. The 
quantity of fleshy matter deposited in the Potatoe serves for the 
nourishment of the growing buds before their roots are formed ; 
and thus it is that, if exposed to a warm and moist atmosphere, 
they are liable to sprout, without the contact of earth. It is 
remarkable that in their native climate (the tropical part of South 
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America) the tubers of the Potatoe are extremely small, and that 
they become so when plants are raised from British stocks in any 
countries equally hot 

152. In all these instances it is seen that not only buds but 
roots may arise from different parts of the stem and branches. 
But this tendency is by no means confined to such as grow on or 
beneath the ground. There are many trees of which the branches 
naturally hang downwards ; and if these reach the ground, they 
giye origin to a new set of roots, which serve for their own nourish- 
ment, and for that of the shoots they send off, so that they become 
so many secondary stems. The most curious examples of this 
kind are the Banyan trees of the East Indies, of which one in- 
dividual sometimes constitutes a miniature forest. The most 
celebrated specimen is that of Cubbeer-bur, which, many years 
since, possessed 350 principal trunks, and smaller stems amount- 
ing to more than 3000, every one of which was casting out new 
branches and hanging roots, to form future trunks. The space of 
ground which it covered was such, that it was estimated that 7000 
persons might have found ample room to repose beneath its shade. 
These trees are held by the Hindoos in superstitious reverence, 
and are dedicated to religious observances. Our own sacred poet, 
Milton, has given a beautiful delineation of it. 

•• The fig-tree; not that kind for fruit renown'd ; 
But such as at this day to Indians known 
In Malabar or Decoan, spreads her arms. 
Branching so broad and long, that in the ground 
The bending twigs take root, and daughters grow 
About the mother tree, a pillared shade. 
High oyeraroh*d, with echoing walks between.^ 

153. The only Ctyptogamia at present existing, which form 
true woody trunks, are the Tree-Fems of tropical climates. In 
these, the stems which creep along or under the ground in the 
species inhabiting temperate climates, erect themselves into the 
air, and bear a beautiful crown of leaves. These stems are some- 
times hollow; and sometimes contain a sort of spongy pith. Their 
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mode of grovrtli is difierent from that of eitber ' 
Eiogens or Endogens; and appears of a simpler 
character. The stem, when cut across, U setn 
to consist of a number of hard woody plates ad- 
hering rather loosely together; and these, if 
traced upwards, are found to be either continna- 
Hg. 3S. tions of the flattened Ibotstalks of the leaves which 

wfTrJI'frFem''^" crown the summit, or to be the remains of those 
a. Bears of fbnner which have dropped off. Every year the leaves 
decay away, and are replaced by a new set formed 
above ; so that the stem continues increasing in length, but under- 
goes little change in diameter. The marks seen on the exterior of 
the trunk are the scars of the former leaves; and by the relative 
position of these It is seen that, though the portion of the stem 
first formed increases but little in diameter, it receives some ad- 
dition to its length, — its scars being separated from each other by 
a much wider interval than in tbe newly-formed part. However, 
it is the general rule in these and other Cryptogamia, that the 
portions first produced undergo little subsequent change; hence, 
whilst the names Eiogena and Endogeas are used to indicate die 
modes of growth respectively peculiar to the two chief divisions of 
flowering plants, the flowerless plants may be included under the 
general term Acroqens, which intimates growih by the point, or 
by addition to the extremities only. 



CHAPTER VI. 

or TBB FOOD OF PLANTS, AKD THB MANNER IN WHICH IT 18 

OBTAINED. 

154. A plant or tree can no more exist vrithout /bod than can 
an animal ; and it is only because the mode in which they receive 
it is less evident to us, that we do not commonly think of vegeta- 
bles as equally dependent with animals upon the materials supplied 
to them by the elements around. We are constantly witnessing the 
act of feeding in all the animals that are under our notice ; but the 
growth and reproduction of plants seem to take place with so slight 
an introduction of solid matter into their system, that it cannot be 
comprehended without further examination how they derive the 
the means of uprearing the gigantic masses of wood and foliage 
which many of them present to our admiring view. It cannot be 
shown that any solid matter is ordinarily taken up by the roots, 
except certain mineral ingredients which most plants require, and 
the use of which will be presently stated. How then, do they 
obtain the materials of the firm wood of their stems, roots, and 
branches, — of the soft but still firm tissue of their leaves and fruits, ' 
—of the fleshy seeds they generate in their flowering system, — 
and of the various hard substances which they produce in their 
different tissues ? This question will now be answered. 

1 55. In the first place it may be laid down as a fact beyond 
doubt, that neither plants nor animals have the power of creating 
or producing matter which did not before exist. Living beings are 
entirely dependent upon the supplies they obtain from without, 
for the maintenance and enlargement of their own structures; — 
they greatly alter the form and properties of the elements they 
take in ; — but they can create nothing. It is easy to say whence 
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every particle of which a living body consists is obtained by it; 
for, by placing it in a variety of circumstances, and observing the 
changes in its mode of life which these produce, we can determine 
the influence of each. Thus, an Animal may be fed exclusively on 
some one kind of ahment, as for instance sugar or gum ; and it is 
found that, however nutritious when combined with others such 
an article may be, it has not the power of supporting life for any 
length of time by itself, unless it contain (which no single article 
of food except milk does) all the substances re<][uired by the animal 
for the right maintenance of its structure. So, also, on the food 
of Plants we may experiment, by placing them in different soils, 
and in different kinds of air, and supplying, them vnth variable 
quantities of water ; until we have discovered what is absolutely 
necessary to their growth, — ^what favours it, — and what is super- 
fluous or injurious. 

156. Before, however, we enter upon these enquiries, we 
shall derive much guidance from the knowledge of the substances 
actually contained at any given time in the vegetable structure. 
When we examine a seed, we And that it contains the germ of 
the new being ; but that it principally consists (like the egg) of a 
nutritious substance prepared by its parent for the support and 
development of its o£&pring, until it is able to acquire food for it- 
self; and it is by this means, as we shall hereafter see (Chap. XIL) 
that the young plant is enabled to push its first roots into the soil, 
and to elevate its first leaves into the air. By the time it has done 
this, however, all that store of aliment is exhausted ; and hence- 
forth it is entirely dependent upon what it acquires for itself. The 
lowly plant developes itself in progress of years, by the wonderful 
power with which it is endowed, into the gigantic tree, increasing 
its weight firom a few grains to many tons. Of what does its mas- 
uve structure then consist ? 

157. The inorganic elements and mineral matter composing 
the solid earth on which we live, contain a certain number of sub- 
stances which are termed simple^ because they cannot, by any 
known chemical process, be shown to consist of others united to- 
gether. Such, to take familiar examples, are the various metals, 
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idth sulphur, as well as many other less common hodies. But the 
greater part of the suhstances which surround us are termed com- 
poundy hecause they can be separated into two or more simple or 
elementary bodies. Limestone, for example, when exposed to 
heat, is much changed in its character ; it gires off a kind of gas 
or air, termed carbonic ctcid gas ; and lime remains — a substance 
which is no longer safe to handle, on account of its possessing the 
power of destroying (or, as commonly said, burning) animal flesh, 
whence it is commonly termed quick-lime. But neither of these 
two substances are simple, for it is easily shown that carbonic acid 
is composed of two others, of which one is carbon^ — a solid sub- 
stance of which the diamond is the purest form, but which is 
nearly the same with charcoal ; whilst the other is oocygen^ a gas 
which forms part of the air we breathe. Again the lime may be 
shown (by a process of much difficulty) to consist of a metal, 
termed cakium^ united with some of this same oxygen. 

158. Carbonic acid is the gas known 9& fixed airy — or in mines 
as choke damp. , It is yery injurious, to the life of animals, acting 
as a sort of poison to them. It is formed during the combustion 
or burning of erery substance containing carbon ; for this com- 
bustion consists of the union of carbon with oxygen, which, when 
it takes place rapidly, is accompanied by light and heat. Thus, if 
a pan of charcoal be burned in a closed room, a large proportion 
of the oxygen of the air will be converted into carbonic acid ; so 
that any human being, and almost any air-breathing animal, 
would rapidly lose his life in such an atmosphere. In this man- 
ner many persons hare been suffocated. Charcoal, however, is 
not the only form in which carbon exists ; coal contains a very 
large proportion of the same element ; and carbonic acid is accord- 
ingly formed by its combustion. It also exists in the gas now so 
commonly used in towns for lighting, which is usually made from 
coal, though sometimes from oil ; this gas consists of carbon in 
union with hydrogeriy another kind of element presently to be no- 
ticed ; and when it is burned it forms carbonic acid, together with 
the vapour of water, which is produced by the union of the hydro* 
gen with the oxygen of the air. 
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159. Carbonic acid gas is also given off by all animals, wbicli 
form it during the process of respiration or breathing ; for a por- 
tion of the oxygen which is taken into the lungs is there combined 
with carbon which the animal system wants to throw off, and then 
breathed out again in the form of carbonic acid. The presence of 
this gas in the air returned from the lungs is easily shown by 
breathing out through a tube, the end of which is immersed in a 
deep glass containing lime-water, which is water having a small 
quantity of quick-lime dissolved in it. After the lungs have been 
a few times emptied through this tube, the water becomes quite 
turbid, by the union of the carbonic acid with the lime, and the 
consequent formation of a carbonate of lime, which, not being so- 
luble in water, falls as a white powder resembling pounded chalk. 
It will be hereafter shown that vegetables, like animals, form car- 
bonic acid during the whole course of their lives, by causing the 
oxygen of the air surrounding them to combine with carbon which 
they have to give off (Chap. VIII.). 

160. Now the carbonic acid thus combined with the lime 
might be separated again by heat, or in other modes. If we pour 
a little vinegar upon limestone or chalk, a bubbling or efferves- 
cence is produced, which is caused by the acid of the vinegar com- 
bining with the lime, for which it has a greater attraction than has 
the carbonic acid ; and as they cannot both be combined with the 
lime, the latter is set free. It is set free, also, in large quantities, 
during the process of fermentation ; and this it is which renders it 
dangerous to walk over a vat in which fermentation is going on, 
and which extinguishes a candle held in such a situation. Putre* 
faction, too, is a kind of fermentation ; and carbonic acid is given 
off in this process. In fact, the respiration of plants and animals 
may be regarded as designed to carry off the carbonic acid pro- 
duced by a kind of slow putrefaction or decomposition, which is 
always going on within the body; for it is a peculiar characteristic 
of the compound substances of which vegetable and animal struc- 
tures are made up, that they have a tendency to separate them- 
selves into their elements under the ordinary circumstances of 
warmth, moisture, &c. to which mineral bodies may be exposed 
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for centuries without change. This tendency to separation it is, 
which causes the decay of animal and vegetable substances after 
death ; for the elements that were previously combined in ways 
which no chemical processes can imitate, then pass off in simpler 
forms, of which carbonic acid is one of the chief. 

161. Different parts of the animal and vegetable framework 
display this tendency in varying degrees. Thus the bones of an 
animal, and the heart- wood of a tree, may remain almost un- 
changed for centuries, and thus exhibit nearly the same perma- 
nence as the limestone rock ; whilst the soft flesh of the animal, and 
the pulpy portions of the plant pass into decomposition almost im- 
miediately upon the death of the being. This decomposition, 
however, is chiefly remarkable after death, only because it is not 
then counteracted by the processes which form an essential part of 
the functions of life. The object of those functions is not only to 
provide for the growth of the structure, and for the production of 
new individuals which shall continue and extend the race ; but to 
maintain in constant perfection and vigour the parts already formed. 
This is accomplished by the removal of the portions which have 
exhibited the slightest tendency to decay, and by the deposition of 
freshly-formed substances of a similar character in their place. 
The particles which are removed are carried off in the blood of the 
animal or the sap of the plant ; and are separated from this in part 
by the process of respiration, which gets rid of the carbonic acid, 
and in part by other means of a corresponding nature. 

162. The rapidity of these processes of deposition and removal 
in the several parts of the living body bears a very close propor- 
tion with the natural tendency to decay which they respectively 
manifest. Thus, the bones of an animal are in general sparingly 
supplied with blood, and seem to undergo little change except as 
the result of disease or injury ; but the supply of blood is greatly 
increased when any circumstances demand a new formation of 
this tissue. So, in the heart- wood of a plant, the circulation al- 
most ceases ; for so long as no air or moisture from without find 
access to the interior of the stem, this part retains its firmness un- 
changedi and its particles require no renewal. But the soft tissues 
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of an animal are largely supplied with blood, and also with 
absorbing yessels ; and the greatest part of the food taken in by 
one which has attained its full growth, is deyoted to the main- 
tenance of these parts in their right condition, which is essential for 
the proper performance of their functions. Of all these soft tissues, 
that which forms the brain and nerves is supplied with the largest 
proportion of blood, and undergoes the most rapid changes during 
life; and it 'is this which most speedily decomposes after death. 
The soft tissues of plants do not so quickly decay as those of am^ 
mals, and the circulation of nutritious sap through them is less 
active ; but still a movement of fluid takes place, and the same 
object is attained by it. 

163. Thus we perceive that Jbod has for its object, — ^in the 
first place, to supply the materials of the growth and extension 
of the system, enabling the minute germ containing the seed to 
develope itself in time into a lofty tree ; — next, to maintain the 
parts so formed in their healthy state, by affording the materials 
by which those that have begun to decay may be replaced, — ^fur- 
ther, to provide a store capable of supplying the occasional 
extraordinary demand for reparation which disease or injury may 
produce ; — and, lastly, to enable the being to develope the germs 
of new individuals, and to supply them with a store of nutriment 
on which they may live until able to provide for themselves. Now 
of the 55 simple substances into which the solids, fluids, and gases, 
of the inorganic world may be separated, vegetables are principally 
made up of four ; and of these only three exist in any large pro- 
portion. These three are carbon, oxygen, and hydrogen.; and 
the fourth is nitrogen. 

164. Of all these. Carbon is by far the most abundant. It is, 
as already mentioned, nearly identical with charcoal^ which consists 
of the carbon of the wood, mixed up with a small quantity ci 
earthy matter. If this charcoal be burned, it passes off in the form 
of carbonic acid gas, leaving a minute portion of white ash, which 
is principally of a mineral nature. It is chiefly to the carbon which 
it contains that the hardness and solidity of wood are due. In so 
large a proportion does it exist in that tissue, that when the other 
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dementaiy bodies (the oxygen and hydrogen) hare been separated, 
the carbon retains the form of the tissues in great beauty and per- 
fection, so that a section of a piece of charcoal will indicate the 
character of the wood from which it was made, nearly as well 
as would a section of an unbumt branch. On the other hand, in 
proportion as the tissues of the plant are deficient in carbon, do 
we find them deficient in firmness of structure. 

165. When we consider the large quantity of carbonic acid 
extricated by the respiration of animab, and by the immense 
amount of combustion of coal which is constantly going on in our 
large towns, there would seem no difficulty in understanding how 
it may be supplied to plants ; but so vast is the extent of the at^^ 
mosphere through which the carbonic acid has to be diffused, that 
any giyen bulk of air only contains about 1- 1000th part of this 
gas. Hence it might be supposed impossible for the gigantic 
mass of carbon contained in the wood of a wide>spreading forest, 
to hare been derived chiefly, if not entirely, from this source ; and 
yet such will be seen to be the case. For, although the soil may 
contain carbon, none of it is taken up in a solid form ; and its 
quantity rather increases than diminishes in the course of years. 

166. Oxygen is contained largely in plants ; and the presence 
of it in the air which surrounds them is very necessary to their 
healthful existence, — chiefly as afibrding the means by which, as 
already explained, the superfluous carbon is removed. This ele- 
ment is equally necessary to animals, and it constitutes about a 
fifth part of the air we breathe. A portion of this air is dissolved, 
as it were, in water ; and it is in this manner that fishes and other 
aquatic animals as well as plants are* supplied with oxygen. Most 
if not all, however, of the oxygen which is contained in vegetable 
substances, is taken up by them either in combination vnth. car- 
bon, or in union with hydrogen, — a body which with it forms 
water. 

167. Hydrogen is also contained largely in plants; and, in 
most of the substances into whose composition it enters, it is 
combined vnth oxygen nearly in the same proportion as in water. 
Although it is probable that a small quantity is introduced with 
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nitrogen in the form of ammonia (the pungent gas which gives 
strength to harts-horn, smelling salts, &c.) we may regard the 
water introduced into the suhstance of plants hy their roots, and 
also in part absorbed by their general surface, as the chief source 
of this element, as well as of the oxygen contained in the vegetable 
structure. 

168. Nitrogen has not been commonly regarded as an impor- 
tant element of the vegetable structure ; but it has been lately shown 
to exist largely in the growing parts of plants ; and there seems 
reason to believe its presence to be essential to the increase of their 
fabric by the formation of new parts. It is an important ingredient 
in the substance called gluten^ which exists largely in the seeds of 
the various kinds of com, and most of all in wheat ; and it is in 
part on this accoimt that wheaten bread is the most nutritious of 
all vegetable substances ordinarily used as food, — since it ap- 
proaches nearer in composition than almost any others to animal 
flesh, which contains a much larger proportion of nitrogen than 
exists in most vegetable substances. It is, indeed, on account of 
their entire deficiency in nitrogen, that gum, sugar, and other »mi- 
lar products are not fit to maintain animal life by themselves. 
Nitrogen constitutes four-fifths of the atmosphere ; but it does not 
seem to be taken in by the plant in its simple form. This gas with 
hydrogen forms ammonia^ of which a minute quantity always 
exists in the atmosphere, being chiefly supplied to it by the de- 
composition of animal matter ; and this is absorbed by the soil 
and taken up by the roots, in the manner hereafter to be described. 
It is in the supply of ammonia which they yield, that the principal 
benefit of animal manures seems to consist. 

169. Besides these elementary substances, which all plants 
contain, and of which the vegetable tissue may be regarded afl 
essentially consisting, almost all plants contain some mineral in- 
gredients, the presence of which is necessary to their healthy 
existence. These remain as ashes, when the other parts of the 
structure are set at liberty by combustion ; — the carbon uniting 
with the oxygen, and with some additional oxygen from the air, 
passes off as carbonic acid ; — of the hydrogen^ part unites in the 
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same manner with oxygen, and passes off as watery rapour ; — 
the oxygen is thus entirely carried off, — and the nitrogen unites 
with the remainder of the hydrogen to form ammonia. Thus there 
remains nothing of the vegetable tissue but the incombustible mat- 
ter, and the nature of this varies in different plants. Thus, in the 
Grasses, (including CcNm, the Bamboo, Sugar-cane, &c.) the ashes 
consist principally of minute particles of flint. In most other plants 
growing inland, we find some compound of the alkali potash ; and 
it is from this source that the greatest quantity of the pearl-ash 
that is largely used in various manufactures, such as soap and 
glass, is derived. On the other hand, in plants growing near the 
sea, the potash is replaced by soda, which has nearly similar pro- 
perties. Again, in most plants there is a small quantity of car- 
bonate of lime, and in others there is a large quantity of lime 
combined with other acids ; thus, in Rhubarb we find large crys- 
tals of oxalate of lime ; and in the Corn-grains there is a con- 
dderable amount of phosphate of lime, by which their power of 
nourishing animals is greatly increased, since this substance con- 
stitutes the earth of bones. 

170. Of these different mineral ingredients, each plant seems to 
have some one or more that are as essential to its growth as is any 
other article of its food ; but the quantity required is sometimes 
extremely minute, so as to be scarcely detectible, — only a very 
small quantity of ash remaining after the tissue has been burned. 
In other instances, again, the mineral matter is so abimdant as to 
present itself in the form of large crystals, which are deposited 
between the cells of the tissue. But that which seems its proper 
office is to form part of the membranous walls of every cell and 
tube of the whole structure, however delicate these may be. If 
a thin portion of almost any plant be burned in such a manner 
that free combustion of all its gaseous elements may take place, 
without disturbing the place of those which remain, a beautiful 
skeleton, consisting of extremely minute particles of mineral mat- 
ter, will be seen, in which the form of all the cells, vessels, &c. may 
be distinctly traced. These particles would seem to be dispersed 
diroughout the minutest parts of the vegetable tissue ; and they 
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probably serve the purpose of conferring additional strength upon 
the delicate framework of which it consists. Even in tlie finar 
ashes left by the combustion of common coal, a person to whom 
the forms of the elementary tissues of plants are familiar will often 
succeed in detecting with the microscope fragments of such skele- 
tons, which thus add to the evidence — otherwise sufficiently 
strong, of the vegetable nature of that substance. 

171 • Now that we are acquainted, therefore, with the elements 
of which the vegetable structure is composed, and have some 
knowledge of the sources whence these are derived, we are pre- 
pared to inquire more minutely in what manner they are severally 
received into the organism and made parts of its structure. This 
is an enquiry of the highest consequence in Agriculture, — an art 
which, as it has been justly observed, is superior in importance to 
every other, since on it man entirely depends for his subsistence, 
and in great part also for the wealth and power obtained by com- 
merce, and for the materials of his various manufactures. 

1 72. From what has been stated, it would appear that water, 
carbonic acid, and a minute quantity of ammonia, supply the 
ingredients of the new compounds which are formed in the living 
plant ; but that, in most cases, mineral substances of some kind 
are required in addition. There are some plants which derive a 
sufficient quantity of all these elements from the atmosphere alone, 
to be able to maintain life, and even to flourish, without any other 
kind of supply. The water is absorbed by the general sur&ce, 
but especially by the roots, which in such plants are usually long 
and of soft tissue throughout ; the carbonic acid is taken in throu^ 
the green parts from the atmosphere alone, in the manner which 
will be described in the next chapter ; and the minute quantity of 
ammonia also contained in the atmosphere, which is probably dis- 
solved in water and taken up with it, affi>rds a sufficient supplj 
of nitrogen. Such aerial plants usually contain but a very small 
quantity of mineral matters ; and these, too, are probably deriTed 
from the atmosphere, in which, as will be hereafter mentioned, 
their particles are suspended. 

173. These aerial plants, clustering round the branches of 
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lofty trees, and hanging to a great depth beneath them, are ex* 
tremelj common in tropical climates, in which the atmospheric 
moisture is much greater, and where they constitute an important 
part of the yegetation ; and they are not wanting in this coimtry. 
Many trees and plants which do not ordinarily grow in this man- 
ner may be caused to do so by accident or design ; and may eyen 
ihriye extremely well. At New Abbey in Oallowayshire, in the 
year 181 7} there was growing on the top of a. stone wall which 
measured ten feet in height, a plane tree, which measured twenty 
feet in height ; and, as it soon exhausted the bare and scanty soil 
in which the young plant grew, it sent down roots which clung to 
the sid€ of the wall, and threw out neither bud nor branch imtil 
they reached the ground, which was not until seyeral years had 
elapsed, during all which time the tree must have liyed upon the 
materials supplied by the atmosphere alone. 

174. In one of the hot-houses in the Botanic Grarden of Edin- 
buigh, a plant of the Ficus Australis (the Fig of New Holland) 
was catised to grow entirely without earth, by gradually with- 
drawing from the pots the several roots contained in them. The 
plant was well watered twice a day, and put out roots freely from 
all parts of the stem and branches, by which it appeared to gain 
an ample supply of nourishment, for it produced a yery full crop 
of fruit in the autumn after the earth was removed from the last 
set of roots. Even when a plcmt attaches itself by roots to the soil 
or rock, these may serve only for its support, and may not con- 
^bute any thing to its growth. 

175. Many succulent plants of warm climates exist in this 
manner ; clinging to the &ces of the barest cliffs, or rising out of 
the most dry and barren sand ; deriving their supplies of moisture 
and other aliment entirely, therefore, from the atmosphere. It is 
interesting to remark that most of these plants contain in their 
juices the substance caoutchouc (commonly known as Indian-rub- 
ber) and also wax ; and the moisture obtained from the atmos- 
phere is prevented from evaporating (which even the thick cuticle 
would not prevent it from doing under the influence of a burning 
mm) by a thin layer formed by the drying of these juices around 
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them, which, like a waterproof cloak, keeps in the vapour that 
would otherwise he raised, so that the tissue of these plants he* 
comes turgid with their juices, although so little is ahsorhed. 

176. But the majority of vegetables require a larger and more 
certain supply of their various kinds of aliment than the atmo- 
sphere can famish ; and, by the prolongation of their roots into 
the soil, they are enabled to obtain this, — in a manner, however, 
which requires some little explanation. What is commonly termed 
soil or mould consists of two kinds of ingredients ; — ^it is partly 
composed of the materials of the rock beneath, the particles of 
which are gradually separated from each other by the action of the 
atmosphere, of water, and of the roots of growing plants, as fbr^ 
merly explained (§ 108.) ; — and partly of the remains of former 
races of plants, which are in process of decay. The former some- 
times exist almost alone ; and the latter, in land which has long 
been cultivated, often constitute a very large proportion. The 
two together, or either singly, will form asoil^ the first use of which 
is to afford to the plant the power of affixing itself; so as to raise its 
stem, leaves, and flowers, into the most direct influence of the air 
and light. The next object which it should fulfil is to supply the 
roots with a sufficient and regular amount of water ; and this will he 
effected according as it is capable of imbibing water readily from the 
atmosphere and firom the neighbouring springs, ponds, or streams. 

177* Soils may be divided into the clayey, the calcareous 
(those containing much carbonate of lime) and the sandy. A stiff 
soil opposes the ramification of the roots, whilst a sandy one does 
not afford them sufficient hold ; it follows, therefore, that no {dants 
will grow advantageously in the former but those whose roots do 
not naturally extend far, and whose vegetation is slow ; whilst those 
are most suited to a sandy soil whose roots spread extensiyely. It 
is by means of the Arundo arenaria or Sea-reed, that the Datdi 
attempt to check the progress of the drifldng sand-hills whidi 
threaten desolation to large tracts of countty ; and when tiie soil is 
once fixed by it, and improved by the decay of the individuals 
first-produced, it affords support to vegetation of more value. 

178. Again, every one knows that a stiff clay will retain its 
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moisture for a long time, and that it parts with it or receives more 
with much difficulty ; whilst, on the other hand, a sandy soil ab- 
sorbs much water, but soon loses it again. In climates where 
rain occurs pretty often, a calcareous soil is usually prefeired, as 
retaining its moisture sufficiently long, and yielding it with facility ; 
i£^ however, the temperature of a country be high, and rain fall 
but rarely, a stiff soil is to be preferred, as it will not become dry 
in the intervals; whilst, on the other hand, a sandy soil answers 
better in a region where showers frequently descend. The defects 
of one soil in regard to its power of supplying vegetation with 
moisture may be in some degree remedied by admixture with 
another ; this process is called in agriculture the tempering of soils 
Thus a stiff clayey soil may be tempered by mixing with it chalk, 
ashes, or sand, by which it is rendered more permeable to water ; 
whilst, on the other hand, a loose sandy soil may be advantageously 
tempered with clay. 

179. The supply of moisture to the roots, however, is not the 
iMklj important object which the soil should answer. It ought to 
afford carbonic acid also ; since it is essential to the rapid growth 
of a plant that this part of its nouiishment should be taken in by 
its roots as well as by its leaves. The carbonic acid may be fur- 
nished in two ways ; either the soil may absorb it from the atmo- 
sphere, or the decay of some of the matter contained in it may dis- 
engage thisproductltiBaremarkablepropertypossessedbyseveral 
porous substances, of absorbing gases, and especially carbonic acid 
gas, to the amount of many times their own bulk. Of all these, 
diarcoal is one of the most powerful in this respect ; and it has 
been found that many plants may be grown in powdered charcoal, 
if sufficiently supplied with water, more luxuriantly than in any 
other sdiL The charcoal itself undergoes no change, but it absorbs 
carbonic acid gas from the air; this is dissolved by the water 
which is taken up by the roots, and thus it is introduced into the 
system. In such cases the plant derives its solid matter as com- 
pletely firom the atmosphere alone, as if its roots were entirely 
exposed to it ; for not a particle of the charcoal is dissolved, and 
it^ therefore, affords no nutriment to the plants. 
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180. It may be thought incredible that the enormous quantity 
of carbon which enters into the composition of a single tree, much 
more of an extensiye forest, and much more still of the immense 
succession of such luxuriant forests as those which formed our beds 
of coal, — should ever have been contained in the atmosphere ; since 
any given quantity of air contains only about one-thousandth of its 
weight of carbonic acid, and this gas is composed of only about 27 
parts of solid carbon in every 100. But it must be remembered that 
as the weight of the air pressing upon every square inch of the 
earth's surface is 15 lbs., that pressing upon a square foot will be 
2160 pounds ; and as the surfia^e of the earth can be almost exactly 
calculated, it may be sho^vn that^ in the whole of the atmosphere 
surrounding it, at least three thousand million million pounds of 
solid carbon must be contained, — a quantity which amounts to 
more than the probable weight of all the plants, and all the beds 
of coal which exist upon the earth. The quantity of carbon exist- 
ing in sear water is proportionably greater. 

181. The readiness with which the atmosphere yields a laige 
quantity of carbonic acid to any substance having a strong attrac- 
tion for it, is shown when the walls and ceiling of a room are 
white-washed, or coated with a thin layer of quick-lime. This 
coating becomes very speedily converted, by combination with the 
carbonic acid of the air, into carbonate of lime. It may be thus 
shown that the atmosphere is capable of yielding to a coating of 
lime, extended over a given surface, and renewed as fast as it is 
converted into carbonate, three times as great a quantity of car- 
bonic acid as that which is taken in by the leaves and roots of 
plants growing upon a similar surface during the same time. 

182. The constant maintenance of this ingredient in the at- 
mosphere, so as to supply the enormous drain upon it which active 
vegetation induces, is owing to changes of an opposite character 
taking place as constantly. Every animal is incessantly engaged 
in converting the oxygen of the air into carbonic acid, by the pro- 
cess of respiration or breathing. Of the solid carbon taken in as 
food, which is all derived, either directly or indirectly, fiom 
vegetable matter (since every animal is supported either upon 
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vegetable substances, or upon the flesh of other animals which 
subsist on them), a portion is constantly being restored to the 
gaseous form in this manner. A single man daily converts 45,000 
cubic inches of the oxygen of the air into carbonic acid by the 
carbon disengaged from his lungs ; and the enormous amount that 
must be daily formed by the whole human and animal population 
of the globe may thus be perceived. Again, the combustion of 
vegetable substances, — coal, wood, &c. — is a vast and continual 
source of the renewal of the supply drawn by vegetation from the 
atmosphere. It has been calculated that the small town of Giessen 
in Germany, possessing a population of about 7000 inhabitants, 
yearly converts more than 1000 million cubic feet of oxygen into 
carbonic acid, by the combustion of wood as fuel; and in an 
English manu&cturing town, where the proportion of coal used is 
far greater, the amount would be at least twice as much in propor- 
tion to the size. 

183. Now if it were not for the constant check which the 
processes of vegetation afford to the accumulation of this ingredient 
in the atmosphere, it would go on increasng, until the air be- 
came unfit for the support of animal life. But it is the fact, 
ascertained by the careful examination of the air preserved in some 
empty jars which had been buried with the ciry of Pompeii, that 
the proportion of the gases composing the atmosphere can be 
proved to have imdergone no change during the last 1800 years. 
It is scarcely possible to contemplate all this wonderful system of 
mutual action, upon a scale so immense, without being struck with 
the simplicity and harmony of the design, and the perfection with 
which it operates. The plant is constantly withdrawing from the 
atmosphere its carbon, and converts it into the material of its 
own solid structures. Of the substances thus produced, a part is 
employed as food for animals and man, a part serves as fuel, a 
part is applied to various purposes in arts and manufactures, and 
a part decays without being removed from the place where it grew. 
Now nearly all the carbon taken in as food by animals is restored 
in a gaseous form to the atmosphere, either by the process of 
breathing during life, or by the decomposition of their tissues after 
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death ; — ^all that is used as fuel is conyerted into carbcmic acid gas, 
— as does nearly all that decays where it grew ; — there only re- 
mains, therefore, the amount employed, chiefly in the fonn of 
timber, for various purposes by man, and this is more than sup- 
plied by the combustion of that which has been stored up ages ago 
for his use in the form of coal. 

184. It is from the decay of vegetable and animal matter that 
plants (at least under ordinary circumstances) derive whatever 
supply of carbonic acid they obtain in addition to that afforded by 
the atmosphere. Vegetable mould consists of decaying portions of 
the tissue of plants ; and is constantly liberating carbonic acid in 
the progress of its decomposition. This is dissolved by the fluid of 
the soil, and is taken up by the roots. The supply of carbonic acid 
thus obtained seems chiefly important to the plant when its leaves 
are undeveloped, as is the case in the early stages of its growth, 
as well as in every succeeding spring with all but eveigreens. For 
it will hereafter be shown that it is almost entirely through their 
leaves that plants obtain carbon from the atmosphere; and when 
these are fully expanded, the absorption of carbonic acid by the 
roots may be dispensed with. 

185. But the decomposition of the vegetable matter of the soil 
requires the free access of air to every part of it. If any substance, 
however rapid its tendency to decay, be completely secluded from 
the atmosphere, little or no change in it will take place.* Every 
particle of the soil needs to be surrounded with oxygen, for the 
production from it of carbonic acid ; and to produce this condition 
is one of the chief objects which is effected by tilling and loosen- 
ing the soil. In this respect it is manifest that a clayey soil is in- 
ferior to all other kinds ; and its injurious character can only be 
remedied by admixture with other substances, or by laborious cul- 
tivation. The necessity of unimpeded access of air to the part of 
the ground through which the roots are distributed, is shown in an 
interesting manner when trees are planted too deep in the soil, or 

* It is on this principle that various articles of food are now preserved for 
subsequent use in tin cases completely closed ; and possess their perfect flayoar 
after exposure to all varieties of temperature for several years. 
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when their roots haye been covered with an additional quantity of 
earth. If the tree be old or sickly, it generally dies ; but if it be 
vigorous, it sends out a new set of roots nearer the surface, and 
the extension of the old ones ceases. 

186. Notwithstanding, however, the gradual conversion of the 
carbon contained in vegetable mo\ild into carbonic acid, and the 
absorption of this by the roots, the quantity of carbon in a soil 
which supports a flourishing vegetation is progressively increasing 
rather than diminishing. The addition takes place in several ways. 
The roots themselves throw out (as already stated § 119.) a con- 
siderable amount of matter formed in the vegetable itself, and 
corresponding in character with its peculiar secretions ; and this 
gradually undergoes decomposition, furnishing a large proportion 
of carbon. The leaves of plants which fall in the forest in autumn, 
and the old roots of grass in the meadow, are Ukewise converted 
into a rich vegetable mould, capable of yielding a large supply of 
carbonic acid ; and thus it becomes evident that plants must abso- 
lutely derive more carbon from the atmosphere than they fix in 
their own tissues, since they are continually increasing the amount 
of vegetable mould on the surface of the earth. 

187. Thus we perceive that no matter which has been 
organised can serve as the food of plants until it has undergone 
decomposition ; and that it is solely in the constant and regular 
supply of carbonic acid it afiFords, that vegetable mould is more 
adapted for the support of vegetable life than any other kind of 
soil. If we could form one of mineral substances only, in every 
portion of which carbonic acid should be slowly liberated, and 
which would be equally fit in other respect?, it would equally 
contribute to the growth of the plants it supports. And thus we 
see a very important difference in the characters of the Animal 
and Vegetable Kingdom ; for, whilst the beings of the first group 
are entirely dependent for their nourishment upon matter that 
has been previously organized, and thus derive their support 
either from animal or vegetable bodies, — those of the latter are 
dependent for their growth only upon the materials supplied by 
the inorganic world, although their increase may be advantageously 
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assisted and stimulated by those which they derire from the 
decay of the former. 

188. And here again do we trace a beautifiil harmony between 
the yarious parts of the grand scheme of Creation; for had 
yegetables been dependent, like animals, upon organic matter, 
both classes of beings must haye gradually disappeared from the 
face of the earth, since the spontaneous death and decay of a large 
proportion of them is constantly restoring to the inorganic world the 
elements they haye for a time held in those peculiar forms of combi- 
nation which are termed organic ; and thus the amount of organic 
matter would be continually diminishing. But vegetables, hold- 
ing an intermediate station between the mineral and animal 
creation, bring them, as it were, into connection with each other ; 
preparing, from little else than the air and the water of the globe, 
the materials for the sustenance of the countless millions of beings, 
which moye upon its surface, and which, when their allotted 
period of existence has expired, restore by their decay the elements 
that are required for the support of yegetable life. 

189. No organic substances can be said to serye as food 
to yegetables in the same manner as to animals; for they 
all need to be separated into nearly their simplest forms, before 
they can be reunited into the peculiar compounds which are 
required by the tissues of the plant for theii; nourishment and 
extension. If it were otherwise, we should expect that those 
would act as most serviceable manures which are most similar 
in composition to yegetable tissue; just as animal flesh is the 
most easily digested of all food by the animal. But this is not 
the case ; for the richest manures are well known to be those 
which (supplying also certain ingredients presently to be men- 
tioned) are continually eyolving by their decay a large quantity 
of carbonic acid. It is in part by hastening the separation of 
the elements of some substances which might otherwise resist 
decay for a long tiipe, that lime acts as a valuable manure ; and 
yeast is a still more powerful agent of the same kind, occasioning 
a kind of fermentation in the vegetable matter of the soil, by 
which a large quantity of carbonic acid is liberated. On the 
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other hand, the carbonic acid produced bj a manure may be too 
rapidly set free, and thus the plant becomes, as it were, gorged 
with food; whilst, at a subsequent time, it .is starved bj the 
deficiency occasioned by the too great energy of the change at its 
commencement. In such cases, the addition of some substance 
(such as charcoal made from bones) which has the power of 
retarding decomposition, renders the operation of the manure 
more equable, and more correspondent with the progress of vege- 
tation. In general, rich manures are most serviceable to plants 
which, being only annual, naturally grow rapidly; and those 
which decompose slowly best suit a vegetation which increases 
with more regularity. 

190. These £Bu;ts have an important influence on the operations 
of the cultivator, whether they be on the large scale of the farmer, 
or the small one of the gardener. No manure is more serviceable 
in yielding carbonic acid, than that which consists, of decaying 
vegetable matter; and this is much more abundant than is 
commonly imagined. A small garden attached to a dweUing- 
house may be furnished with an ample supply of rich manure, 
by throwing into a pit all the refuse vegetable matter of the 
kitchen, and that supplied by the garden itself, in the form of 
weeds, dead leaves, prunings of fruit trees &c ; these should be 
lightly covered with earth, and kept slightly moist, and frequently 
exposed to the air by being turned over with the spade. And in 
a farm there will seldom be any deficiency of similar materials, 
if none are wasted. Weeds, for example, should not be burned, 
unless they are in i^eed; for they may be made to a£R)rd a 
valuable supply of nutriment, instead of withdrawing it. A 
manure of this kind is to many plants more serviceable than that 
frimished by animals. Some remarkable examples are on record 
of the influence of it upon the growth of vines, which may be 
here advantageously introduced, as interesting illustrations of the 
foregoing principles. 

191. " Nothing more," says a vine-grower on the banks of 
the Rhine, '^ is necessary for the manure of a vineyard, than the 
branches which are cut from the vines themselves. My vineyard has 
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been manured in this way for eight jedrs, without receiyiiig any 
other kind of manure ; and yet more beautiful and richly-laden 
vines could scarcely be pointed out. I formerly followed the 
method usually practised in this district, and was obliged in coor 
sequence to purchase manure to a large amount. This is now &ir 
tirely saved^^and my land is in excellent condition. When I see the 
&tiguing labour used in the manuring of vineyards — ^horses and 
men toiUng up the mountains with unnecessary materials, I feel 
inclined to say to all, Come to my vineyard and see how a bounti- 
ful Creator has provided that vines should manure themselves, 
like the trees in a forest, and even better than they 1 The foliage 
falls from trees in a forest, only when the leaves are withered, and 
they lie for years before they decay ; but the branches are pnuied 
from the vine about the end of July or the beginning of August, 
while still fresh and moist. If they are then cut into small pieces 
and mixed with the earth, they undergo putre&ction so completely, 
that, as I have lieamed from experience, at the end of four weeks 
not the smallest trace of them can be found." 

192. The following account from a poorer vine-grower, 
which is to a similar purpose, is instructive as showing of 
how much value a little intelligent observation may become. 
"For the last ten years I have been unable to place dung 
on my vineyard, because I am poor, and can buy none. 
But I was very imwilling to allow my vines to decay, as 
they are my only source of support in my old age ; and 
I often walked very anxiously amongst them, without knowing 
what I should do. At last my necessities became greater, which 
made me more attentive ; so I remarked that the grass was longer 
on some spots where the branches of the vine fell than on those on 
which there were none. So I thought upon the matter, and then 
said to myself: If these branches can make the grass laige, 
strong, and green, they must also be able to make my plants grow 
better and become strong and green. I dug therefore my vine* 
yard as deep as if I would put dung into it, and cut the branches 
into pieces, placing them in the holes, and covering them with 
earth. In a year I had the great satisfaction to see my barren 
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vineyard become quite beautiful. This plan I continued every 
year, and now my vines grow splendidly, and remain the whole 
Bummer green, even in the greatest heat. All my neighbours 
wonder very much how my vineyard is so rich, and that I obtain 
80 many grapes from it, and yet they all know that I have put 
no dung upon it for ten years." 

193. Although therefore, it is probable that all plants and 
trees in full leaf could grow without any other source of carbonic 
acid than the atmosphere, an additional supply encourages that 
productiveness which it is the aim of the cultivator to obtain; 
and it is in the choice of his materials and the mode of their ap- 
plication that his skill and judgment are shown. The science of 
Vegetable Phjrsiology has been but too little connected with the 
arts of the farmer and gardener; and they have consequently 
been working in the dark, frequently coming, after tedious and 
unsuccessful trials, to conclusions which might have been drawn 
immediately from scientific principles* The certainty with which 
the mode of operation^ of manures upon vegetation has been now 
ascertained, should lead to most important improvements in practice, 
by which the productiveness of land may be much increased. 

194. Although carbonic acid and water are the chief sources 
of nourishment to plants, there is one element of great importance 
to their active growth, — ^namely nitrogen, — which is not contained 
in either of these compounds. It might be thought that, as so 
large a quantity of it exists in the atmosphere, no difficulty could 
exist in the introductioti of as great an amount of it as might be 
desirable into the vegetable system. But it would seem that 
none of the elements of which that system is composed can be 
introduced into it in a simple form. Thus we have seen that the 
carbon is derived firom carbonic acid, and the oxygen and hydrogen 
from water ; and it is found that plants rather increase than di- 
minish the quantity of nitrogen in the atmosphere. Nitrogen 
is introduced in the form of ammonia^ the pungent gas which 
gives strength to hartshorn, smelling salts, &c. and which is libe- 
rated by the decomposition of almost all animal substances, in 
which nitrogen very largely exists. A great quantity of this gas 
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is thus being constantlj set free and diffiised through the atmo- 
sphere ; but still it forms so small a proportion of the whole, that 
it cannot be shown to exist in the air otherwise than in an indi- 
rect manner. Ammonia is very readily absorbed by water ; and 
thus the rain and dew, in descending through the atmo- 
sphere, become impregnated with it, although in yery small 
amount. This ingredient can be proved to exist in rain-water ; 
and thus its presence in the atmosphere becomes certain. 

195. The quantity of ammonia which is thus snpplied to 
plants appears sufficient for their ordinary growth. If, howeyer, 
plants be set in powdered charcoal, sheltered from rain or dew, 
and watered with distUled water (which contains no ammonia) 
they do not flourish as they hare been stated otherwise to do, 
but soon become stunted in their growth. This fact proves the 
great importance of the small amount of nitrogen thus introduced. 
There are many plants, howeyer, to which a much greater supply 
of ammonia is necessary, on account of the large proportion of 
nitrogen which enters into some portions of their structure ; and 
such can only be cultivated to advantage when surrounded by 
additional sources of this material, such as are afforded by decay- 
ing animal matter of various kinds. For example, corn-grains 
include a large quantity of starch (which contains but little 
nitrogen) with a certain amount of gluten, of which nitrogen forms 
a large proportion ; the latter is the most nutritious ingredient 
of the two, and it should be the object of the farmer to make the 
proportion of it as great as possible. This may be effectually 
accomplished by such animal manures as yield a large supply of 
ammonia. Thus, whilst com grown in common vegetable 
mould contains about QQ parts of starch in every hundred, and 
only 9i of gluten, that which had been manured with blood or 
urine was found to contain 45 parts of starch, and 35 of gluten. 
It is by the use of a rich animal manure termed guano^ that the 
barren soil on the coast of Peru is rendered fertile ; this guano 
is collected from several islands in the South Sea, on the surface 
of which it forms a layer of several feet in thickness ; and it con- 
sists of the excrements of innumerable sea-fowl which resort 
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there daring the hreeding season. It is sufficient to add a small 
quantitj of guano to a soil which consists only of sand and clay, 
and preyiously contained not a particle of organic matter, in order 
to produce the richest crop of maize. 

196. Many kinds of soil have the power of ahsorbing am«^ 
monia like carbonic acid, from the atmosphere ; and thus add to 
the supplies which the plant obtains by its roots, so as to diminish 
the necessity for animal manure. Of this kind is gypsum, the 
utility of which has long been known, although the cause of its 
beneficial influence was not suspected. Gypsum powerfully 
attracts ammonia from the atmosphere, and yields it again to 
water which may soak through it ; so that as much ammonia as 
would supply the proportion of nitrogen to lOOIbs of grass is 
yielded by little more than 4fi>s of g3rpsum. The advantage of 
manuring fields with burned clay, and the* fertility of soils con- 
taining iron, are to be referred to the same cause. Burned clay 
has, like gypsum, the power of fixing ammonia from the atmo- 
sphere, and of easily yielding it to water; and minerals containing 
oxide of iron do the same, when separated into fine particles. 
Powdered charcoal possesses a similar action, and, indeed, sur- 
passes all other substances in its power of condensing ammonia 
within its pores, absorbing 90 times its volume of this gas. 
Decayed wood approaches yery nearly to charcoal in this power ; 
and vegetable mould, which principally consists of wood in a 
more advanced state of decay,- retains it in a very important 
degree, so that we perceive its influence on vegetation to be by no 
means confined to the supply of water and carbonic acid. 

197* On this account,, vegetable mould is alone amply sufficient 
for the cultivation of all vegetables which contain but an average 
proportion of nitrogen ; but com can only be grown to the greatest 
advantage, when the land is amply manured with those substances 
which contain the largest proportion of ammonia. This is 
yielded in the greatest abundance- by the excrements, both fluid 
and solid, of animals, and particularly of man ; and in China, 
where, from the immense population, it is necessary to make the 
most of every foot of ground, the greatest care is taken to preserve 
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these, and extraordinary fertility is the result. A similar practice 
preyails on some parts of the continent of Eknope ; and it is less 
successful, only because the mode of adlecdng the materials allows 
of the escape of a large proportion of the ammonia before the 
manure is used. 

198. By a judicious system of management, laige towns may 
thus be rendered most important means of increaong the fertility 
of a country, and therefore of contributing to the supply of whole- 
some food ; instead of bringing together, as at present, so many 
causes of misery and unhealthfiilness. 

199. The sources of what may be r^arded as the <Wntwi 
ingredients of the food of plants haying now been fully considered, 
(the more fully on account of the practical importance of the sab* 
ject,) wie shall enquire into the influence of certain other mateiiafa 
which particular kinds require for their healthful growth, an in- 
creased supply of which tends greatly to their jHoductiyeness, and 
the influence of which ought, therefore, to be fully considered in 
the tempering of soils or the application of manures. These ma* 
terials consist of solid particles of yarious kinds, which are con- 
tained in the earthy portion of the soil, and which, being dissolyed 
in the water, are taken up by the roots. Of these, some are im- 
bibed by almost all plants alike ; whilst others are retained only 
by particular kinds, so that they are either not taken up at all by 
plants of other kinds, or are secreted again into the soil, not 
being deposited in their tissues. 

200. There is considerable yariety in this respect among the 
diflerent tribes of plants ; each seeming to grow most adyan- 
tageously when supplied with a certain kind of mineral matter, 
but being capable of taking up other forms in place of it, if it 
should be deficient. Thus the Rhododendron, like most other 
plants, deposits in its leayes and stem a large quantity of calcareous 
matter (lime combined with an acid, usually carbonic) when £reely 
supplied with it. When grown in a calcareous soil, the ashes of 
its leayes haye been found to contain 43^ parts in 100 of carbonate 
of lime, and only |: of silex or flinty matter ; the ashes of the stem 
of the same plant contained 39 of calcareous earth, and ^ of silext 
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But when grown in a soil in which silex predoniinated, the leaves 
of a similar plant contained 16f per cent of earthy matter, and 
2 parts of silex ; whilst the stem contained 29 parts of calcareous 
earth, and 19 of silex. 

201. It is curious to observe that, whibt calcareous matter 
seems principallj deposited in the softer tissues, silex is found 
much more abundantly in the stem. This is especially the case in 
the Grasses, nearly all of which require for their healthy growth a 
large proportion of silex ; and this substance it is, which, being 
deposited in the slender tissue of the hollow stem, imparts to it a 
strength that seems disproportionate to the quantity of matter it 
contains. The silex may be melted by means of the blowpipe, 
ihto a bead of nearly the same appearance as glass ; and the fol- 
lowing curious iastance shows the same effect upon a large scale. 
A melted mass of glassy substance was found on a meadow be- 
tween Mannheim and Heidelberg in Germany, after a thimder- 
fltorm. It was at first supposed to be a meteor ; but, when chemi- 
cally examined, it proved to consist of silex combined with potash, 
in the form in which it exists in grasses ; and, upon further enquiry 
it was ascertained that a stack of hay had stood upon the spot, of 
which nothing remained but the ashes, the whole having been 
ignited by the lightning. 

202. Now the various substances which are thus required by 
plants for their healthy growth, are generally contained in the soil in 
sufficient amoimt to supply the majority of plants with the neces- 
sary material ; and some, when exhausted from the soil, may be 
supplied again from the water of the district, in which they are 
dissolved. It is partly by thus renewing what has been withdrawn, 
that the irrigation or flooding of meadows with water is very ser- 
viceable. Even where this water is of ordinary purity, containing 
scarcely any organic matter, and but very little mineral ingredi- 
ents, the irrigation of meadows is very serviceable in improving ' 
their productiveness. From three to five perfect crops of grass 
have thus been obtained every year, by covering the fields with 
river-water, which is conducted over it in spring by numerous 
small canals ; so that the quantity produced in all was more than 

K 
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four times that which would hare been obtained £rom one not so 
\^Titered. In the neighbourhood of Edinburgh, the stream whidb 
conyeys the fluids collected from the sewers of the town into the 
sea, has been diyeited so as to cover much of the low meadow 
land which surrounds the town on three sides; and the large 
quantity of organic as well as mineral matter which the fluid con- 
tains, is so beneficial to the growth of grass, that the previous pro- 
duce has been eight or ten times multiplied. This proceeding is 
very injurious, however, to the health of the town; since the 
ofl^nsiveness of the putrefying matter is very much increased by 
being diffused through a large quantity of water. 

203. The soil may be artificially suppUed with the mineral 
substances required by different kinds of plants, as well as widi 
those which yield carbonic acid or ammonia ; and the cultivator is 
frequently obliged to do this (though in general without under- 
standing the true benefit of the operation) especially when he has 
forced the growth in other ways. Thus if a meadow be manured 
only with gypsum {the use of which has been already mentioned), 
the crops of grass will be at first greatly increased, but will after- 
wards diminish ; for the potash which the soil contained is soon 
exhausted by the rapid growth of the grass, and its further in- 
crease is checked. But if the meadow be strewed from time to 
time with wood-ashes, which contain potash, the grass will thriye 
as luxuriantly as before. A harvest of grain may be obtained at 
long intervals on a sandy heath, by strewing it with the ashes of 
the heath-plants which grow on it, and which gradually collect the 
alkalies that are conveyed to them by water. 

204. It seems a remarkable fact that those plants of the grass 
tribe, the seeds of which furnish food for man, follow him like 
the domestic animals. The reason is that none of the com plants 
can bear seeds that will yield a large quantity of flour, without a 
good supply of phosphate of magnesia and ammonia. Hence these 
plants grow only in a soil which contains these ingredients in ad- 
dition to the silex and potash already mentioned ; and no soil is 
neher in them, than those where men and animals dwell together 
since these substances are largely contained in the animal body, 
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and are set free in their excretions during life and by their general 
decay after death. Again, this fact explains why bone-earth is a 
most yaluable manure to corn-fields ; since it consists almost en- 
tirely of these ingredients. The knowledge of it will also guide us 
in selecting the kind of wood of which the ashes will be most yalu- 
able ; for whilst those of the oak contain but a minute proportion 
of the phosphate, and those of the pine a quantity not exceeding 
the sixth part of their weight, those of the beech yield the fifth 
part; andlhus with every 100 fes. of the ashes of the beech, we 
supply a field with enough of these ingredients to serre for the 
growth of more than 15,000 fba. of com. 

205. It should be the object of the agriculturist, therefore, to 
ascertain the chemical character of the earthy portion of the soil 
which he cultivates, and to manure it with such substances as he 
finds will supply the deficiency for the particular plants which he 
wishes to grow. There are some soils which contain all the in- 
gredients required for almost any kind of vegetation ; and, when 
these cease to be productive, all that is necessary is to allow them 
to be fallow during a season or two. The atmosphere then acts 
upon the mineral particles, and causes that more complete separa- 
tion amongst them, which is necessary to prepare them for being 
dissolved in water and taken up by the roots of the plant. In this 
manner some soils prove extremely fertile, which scarcely contain 
a particle of vegetable mould, and have received very little animal 
manure. Thus the land in the neighbourhood of Mount Vesu- 
vius contain^; clayey earths, with chalk and sand, mixed in such a 
proportion as to give free access to air and moisture. This soil is 
produced by the slow decomposition and separation, through the 
action of the air, of the masses of lava which have at different times 
issued from the volcano, and which contain a great admixtiure of 
mineral matters, without a particle of vegetable mould. Now com 
has been grown on this land for thousands of years with scarcely 
any manure ; — the method adopted being simply this. A field is 
sown once every three years only ; and is in the intervals allowed 
to serve as a sparing pasture for cattle, which feed on the weeds 
that spontaneously spring up. But the influence of the weather 
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sets free an additional quantity of the mineral ingredients which 
the com requires ; the amount of nutriment contained in the seed 
is sufficient for the deyelopment of the young plants ; and the soil 
is of a kind extemely ^yourahle to their subsequent growth. 

206. On the other hand, the very fertile land which was fomid 
by the first settlers in Yiiginia has been exhausted by a contraiy 
proceeding. Harvests of wheat and tobacco were obtained for a 
century from one and the same field without the aid of manure; 
but now whole districts are converted into unfiruitful pastuie-land, 
which, without manure, produces neither wheat nor tobacco. From 
every acre of this land there must have been removed in the space 
of one hundred years at least 1200 lbs. of alkalies in leaves, grain, 
and straw ; it became unfruitful, therefore, because it was deprived 
of every particle of alkali that had been reduced to a state capable 
of being dissolved ; and it would require to lie entirely fellow &r 
a great length of time to regain its fertility. Almost aU the culti- 
vated ground in Europe is somewhat in the same condition. That 
of many of the West India islands has been also exhausted by the 
avarice of its former possessors, who have left it in a state whidi 
renders the cultivation of sugar much less profitable than formeilj, 
since the Canes cannot be grown without a large quantity of ma- 
nure. If the ashes of the Canes, which, after the juice has been 
pressed from them, are burned to heat the pans for boiling down 
the fluid, were to be spread over the fields, the productiveness of 
the land would probably be much increased. . 

207. It is not always necessary, however, that a field should 
lie fallow, in order to render it capable of producing some particu- 
lar kind of crop, the materials of which had been exhausted ; for, 
if it be sown with some vegetable of an entirely different kind, a 
profitable crop of this may be raised, whilst the land is renewing 
itself for the other. The power of doing this depends upon the 
nature of the ingredient which is deficient. It has been fbrmerij 
shown that it is not the vegetable portion of the soil which is ex- 
hausted by the continued growth of any race of plants in the same 
spot, this being rather increased than dimished ; and therefinreanj 
plants which require no other nutriment than this may be made to 
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grdtv in a soil which wheat, or some other plant that takes up a 
lai^e portion of some particular kind of mineral matter, had com- 
pletely exhausted. Such is the <;ase, for example, with many of 
the Leguminous plants (the tribe including the Pea, Bean, and 
other similar vegetables), which absorb so little mineral matter 
that they may be grown between two crops of com, with nearly 
the same advantage for the latter, as if the land had lain fallow 
between. Hence these are called fallow crops. On the other hand, 
the injurious properties of many weeds that are apt to show them- 
selves in corn-fields, result from their imbibing a large quantity of 
the same ingredients as those which the com requires, so that, in 
proportion to the vigour of their growth, that of the com must 
decrease. Hence it not only conduces to the neatness in the ap- 
pearance of a corn-field, but also to its productiveness, to keep it 
firee from weeds. 

208. Now the principle that a succession of different crops may 
be grown, where one could not be repeated without occasional in- 
tervals, has gradually superseded the old system of allowing the 
land to lie for a season, out of every three or four, entirely unpro- 
ductive ; so that the quantity of vegetable substances, nutritious 
either to man or beast, which is now raised from a given quantity of 
land is much greater than formerly. This principle has been fully 
established by experience ; but it is still acted on to a very limited 
degree, because its conditions are not yet fully understood. If 
there were nothing else to be considered than the kind of mineral 
substance which each plant draws from, the soil, it would not be 
difficult to say what crops might succeed each other most advan- 
tageously, since it would be only necessary to find out the mineral 
ingredients which each requires, and to make those succeed each 
other which draw least of the same. But there is another very 
important condition to be attended to. 

209. Plants, as already stated (§ 119.) not only draw various 
substances from the soil, but impart to it a portion of the juices 
they have formed within themselves. A well-marked instance of 
this is the oak, which so completely impregnates the soil around 
its roots with tannin (the substance which gives to oak-bark its 



134 INFLUENCE OF CROPS UPON EACH OTHER. 

peculiar power of conyerting animal skin into leather) that few 
trees will grow in the spot from which it has been rooted up ; since 
this agent, even when a very minute quantity of it is dissolyed in 
water, produces an effect like tanning upon the delicate tissue of the 
spongioles, and destroys their peculiar properties. It is probable 
that every species of forest-tree produces a similar effect ; since it 
is well known that, when a wood composed of one kind has been 
deared by the hatchet or by fire, the new growth which soon 
springs up, is not of the same but of a different species. Again, 
some of the plants which are known as the rankest weeds, secrete 
from their roots substances equally injurious to plants around them ; 
thus the Poppy tribe impregnates the soil around with a substance 
analogous to Opium, which is easily shown by experiments to hare 
as injurious an effect upon plants as an over- dose of this powerful 
medicine has upon animals ; and the Spurge tribe exudes an acrid 
resinous matter. 

210. The excretions of all plants seem injurious to themselyes 
as well as to others of the same species grown in the same spot ; and 
in many instances, as in those just quoted, they are injurious to 
plants of other tribes also. But there are many instances in wbich 
they are absolutely beneficial to plants of distinct tribes. Thus 
most of the Leguminous tribe exude from their roots a matta 
analagous to gum, as may be easily shown by growing a pea or 
bean in water, which soon becomes turbid ; and this product is 
beneficial to plants of almost eyery other tribe. Hence, therefore, 
the benefit which the former deriyes from taking off a crop of 
beans between two crops of com is not restricted to the value of 
the former ; since the succeeding crop of com is absolutely im- 
proved by this proceeding. And, on the other hand, the ex- 
haustion of the soil by rank-growing weeds is not their only evil; 
since they impart to it some of their own injurious properties. 

211. Now, by following out this system, and ascertaining 
what plants form the most abundant, and at the same time the 
most nutritious excretions, and what are the others which are most 
benefited by these, — keeping in view, also, the nature of the mi- 
neral ingredients they may respectively require, the agriculturist 
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maj hereafter be able to dispense almost entirely with artificial 
manure, as he has already done with the fallowing system ; — ^for he 
will only hare to adapt his rotation to the particular soil, and then 
the excretions of one plant will serre as a manure to the other. 
Among the most useful for this purpose may be mentioned Lucem, 
which is remarkable for the extensive ramification of its roots, and 
the strong development of its leaves, and which requires but a 
small proportion of inorganic matter. This plant produces an 
abundant secretion from its roots, which, in the course of several 
years adds considerably to the quantity of vegetable matter in the 
soil, whilst its leaves serve as nutritious food for cattle. 

212. The subject of the foregoing Chapter has been treated in 
more detail than may seem consistent with the plan of this work ; 
because it is, of all departments of Vegetable Physiology, the one 
of most importance to the well-being of man. It can scarcely be 
doubted that, by improvements in the art of agriculture, the 
quantity of food for man and beast produced in this country, and 
the amount of those valuable articles which are cultivated in the 
Tarious colonies of Great Britain, may be greatly increased. But 
these improvements cannot be carried into advantageous operation, 
until correct ideas on the subject have been, generally difiiised 
among those; who are concerned in the Work ; for, unless the prin- 
eiples on which they are founded are properly understood, it is 
more than probable that loss instead of gain will result from the 
attempt to introduce them. 

213. These principles may be thus recapitulated. 

I. The soil should be of such a character as to afford a steady 
9upply of moisture to the roots, and to allow the air to penetrate 
it freely ; if it does not possess these requisites, it should be im- 
proved by tempering (§ 176 — 8.) 

II. In order to produce that luxuriant growth of plants which 
the agriculturist desires, the soil should afford a supply of carbonic 
add to the roots, either by the decomposition of vegetable mould, 
or by absorbing the gas from the atmosphere. Its fertility may be 
increased by the addition of vegetable substances disposed to de- 
cay; or by mixing it with charcoal, gypsum, or. some other 
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substance which possesses in a high d^ee the property of absorb^ 
ing carbonic acid from the atmosphere (§ 179 — 193.). 

III. In order to effect the same object, the soil should be oa- 
pable of affording a supply of ammonia to the roots, either by the 
decomposition of animal matter contained in it, or by attracting 
that gas from the atmosphere. The proper supply of this important 
article of food may be secured, either by the employment of some 
animal manure which liberates it freely, or by the admixture of 
some substance (such as gypsum or charcoal) which absorbs it 
rapidly from the atmosphere. The first method is most desirable 
when the vegetable substances which it is required to obtain in the 
greatest quantity, contain much ammonia, as do the seeds of com 

(§ 194—8.). 

lY. In order to promote the luxuriant growth of any tribe of 
plants, the soil should be supplied with those inine|;al ingredients 
which its tissues naturally contain. If these are originally deficient, 
they must be added ; if they are contained in the soil, but have 
been for a time exhausted, the land should be allowed to lie &llow, 
until the action of the weather has further separated the mineral 

particles (§199—206.). 

V. The soil may be improved nearly as much by a crop 
of a different kind, as by lying fallow ; provided that crop do 
not exhaust it of the same mineral ingredient with the one 
it replaces, and furnish excretions which are beneficial to it 
(§207—211.). 



CHAPTER VII. 

ON THE 8TBUCTURE OF LEAVES. 

214. The fluid which is so abundantly taken up by the roots 
of plants, and which is conveyed upwards along the interior of the 
stem, is very unfit for the nourishment of the structure, and for 
the supply of the growing parts, until it has been exposed to the 
influence of the air, by which great changes are effected in its 
properties. Now this object has to be attained in animals as well 
as in plants; and we observe two modes of effecting it. In some 
animals the blood is sent into very delicate external prolonga- 
tions of the skin, termed giUs; through the thin membrane of 
which it may receive the required influence. And, although we 
usually see an apparatus of this kind existing only in animals 
which inhabit the water (the air diffused through which is really 
that which acts on the blood), yet it is seen in some air-breathing 
animals also. The usual mode however, in which the blood is 
exposed to the influence of the atmosphere in animals living on 
land, is by the introduction of air into cavities termed lungs within 
the body, constituting the process known as respiration or breath^ 
ing ; but this requires a series of movements for the constant ex- 
change of the air so introduced, in order that the portions rendered 
unfit for further use by the changes that take place in it may be 
expelled, and a fresh supply admitted. A little consideration 
will show that to have introduced water in a similar manner, into 
the interior of the bodies of those animals which inhabit it, would 
require an immense amount of force, since water is so much less 
easily moved than air ; whilst, on the other hand, to have fur- 
nished air-breathing animals with external gills or other similar 
appendages, would have exposed them to great risk of injury, 
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would have impeded their rapid moYements, and would haye been 
attended with many inconveniences. 

215. Now in Vegetables, the same object is to be attained, 
but under different conditions. The nutritious fluid of the plant, 
like the blood of animals, needs to be exposed to the influence of 
the air to preserve its power of maintaining life ; and this cannot 
be effected either by the underground roots, nor by the hard 
woody stems and branches, which expose so small an amount of 
surface to the atmosphere. Nor can this be efiected by the intro- 
duction of air into internal cavities in these parts ; since this would 
require a continued series of movements, as in air-breathing ani- 
mals, which the plant has no means of performing. Again, as the 
plant is rooted in the earth, and is not adapted to move through 
the atmosphere, there is no reason why its surface should not be 
spread out to any extent, for the purpose of exposing the si^ to the 
influence of the air, just as the blood is exposed in the gills of 
fishes and other aquatic animals to the small quantity of it con- 
tained in the water they inhabit Further, a very essential con- 
dition of the changes which the sap undergoes by coming into 
contact with air, is the influence of lighty without which they 
would be very imperfectly performed. 

216. This general view of what is required from the leaves will 
suffice to show how beautifully their structure and situation are 
adapted to the offices they have to perform. The leaf may be said 
to consist essentially of an extension of the skin or cuticle of the 
plant into a flat expanded sur^e, which is supported by a skeleton 
prolonged from the wood of the stem or branch. If any leaf be 
but cursorily examined, it will be seen that from each sur^u^ a sort 
of skin may be torn, which may sometimes be stripped off vezj 
cleanly from the tissue beneath ; — ^that the space between these 
surfaces is occupied by soft green tissue, which the naked eye can 
often perceive to consist of separate particles loosely united, and 
which is seen with the magnifying -glass to be composed of distinct 
cells, usually more closely-packed together near the upper sur&ce 
than near the lower, where there are many cavities or interspaces 
among them. 
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21 7- The cuticle of the leaves is Punished more abundantly 
than those of any other parts, with st&mata (§ 91.) by which watery 
vaporir and gases can pass out ^ and air dw enter ; but these are 
chiefly, and often entirely, confined to the lower surface. The 
woody skeleton of the leaf forms what is commonly known as the 
midrib^ and the veins proceeding from it. These veins or nerves 
(as they are commonly termed) must not be confounded with si- 
milar parts in animals, since they do not in the least resemble them. 
They are principally composed of woody fibre and of spiral vessels 
and ducts; and they proceed &om the neighbouring stem or 
branch, constituting the greater part of the footstalk or petiole of the 
leaf, from which they afterwards spread out. 

218. This general account of the structure of the leaves of 
Flowering-plants will suffice to enable us to compare them with 
ihe corresponding parts in Cryptogamia. It also enables us to see 
how beautifully they are adapted, — ^by the immense amoimt of 

» surface they present, — ^by its thinness and delicacy, — ^by its nu- 
merous apertures, — ^and by its expansion to the light of day, for 
the purpose they have to perform ; — ^the exposure of the crude sap 
to the air and sun, under the influence of which it is elaborated or 
digested, so as to become a highly-nutritious fluid. 

219. There are few Flowering-plants in which the stem and 
branches are not, at some part of the year, clothed with these 
beautiful appendages; and the exceptions are chiefly in those 
forms — unknown as natives of temperate climates, but common in 
tropical regions, — in which the stem itself is so altered in structure 
as to be able to perform the functions of leaves. Most of these are 
included under the designation of the Cacttis or PricUy-Pea/r tribe. 
Their stems, instead of being firm and woody, are comparatively 
soft and fleshy ; their substance is moist, and composed almost en- 
tirely of cellular tissue ; their surfaces are green, and covered with 
a distinct cuticle which is furnished with stomata ; and their form 
is oft:en flattened, so as to expose, like leaves, a large siuiace to 
the air. It is interesting to observe how completely the deficiency 
of one organ is here supplied by a modification of another. In 
almost all the plants of this tribe, there are tufts of prickles arising 
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from r^olar points on the Bnrfac« of the stem; and to these the 
common designation of the tribe is owing. It will he hereafter 
shown that these prickles are the ruditnenU of leaves ; and that 
under nrciuustances different from those in which the plant grows, 
minute leaves will arise from these very points. 

220. A con&trmation somewhat 
similar may be observed in some 
plants of OUT own conntr; ; thus io 
the common Butcher^ Broom (Rtu- 

IS aeuleatiuj, the branches are flat- 
tened into a leaf-Uke form, and the 
flowers arise from the middle of 
their surface. In another foreign 
genus they are placed arouad the 
edges of similar organs. 

221, There are, however, some 
flowering-plants of temperate cli- 
mates which are destitute not only 

FLg. 36. 3, leaf-hke branches of . , i. .. c i j i-i .. 

Butchers' Broom, bearing flowen of leaves but ot leaf-hke Buriacas. 
iDtheirceatre ; A, XylophjlU, These grow by unbibing the juicei 
of other more perfect plants ; just as parasitic rniimaU obt^n their 
food by sucking the blood of others. And as the juices which af- 
ford them support have already been elaborated or digested by the 
plant from which they draw them, they have no need of leaves or 
any similar apparatus for the purpose. Of this kind are the 
Orobanche, or broom-rape, and the Cuscuta or dodder. Their 
branching roots are furnished with suckers by which they affix 
themselves on the bark of the plants round which they cling, and 
through which they imbibe their juices. 

222. Although there are few instances, then, in which leaves 
are absent in Flowering-plants, they are comparatively seldom 
found in Cryptogamia. In Ferns we alwa33 meet with them; 
and their general structure is much the same as that which will be 
described as characteristic of leaves in general. But, in addidon 
to their other functions, the leaves of Ferns very commonly bear 
the fructification i^on their under surface ; and hence the name 
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frond has been giyen to them, for the purpose of distinguishing 
them from the leaves of the Phanerogamia, in which they never 
bear a part in the production of seed. In some of the Ferns, as 
the Osmundia regalia^ or Flowering-Fern (as it has been incor- 
rectly called), a handsome and well-known species common in 
England, the fructification is only borne on the edges of particular 
leaves, which are much less expanded than the rest ; these are, 
therefore, csML^di fertile fronds ; whilst the other leaves, which here 
altogether resemble those of Flowering-plants in function, are 
caHled sterile fronds. In Mosses, we observe a large number of 
minute and delicate leaflets, having no concern in the fructifica- 
tion, which is entirely distinct ; but they have not those peculiari- 
ties of structure which distinguish the leaves of higher plants 
being destitute of a woody skeleton and of stomata ; and they 
seem to have a greater mixture of function, since they not un- 
frequently send out root-fibres from their imder surfaces for the 
purpose of absorption. 

223. We observe in the lower and simpler tribes, as has been 
heretofore shown, a much greater blending of different functions 
than in the higher, which possess a special organ for each, and in 
which they are consequently performed in a more energetic man- 
ner. Thus, when we descend below the mosses, we find no 
distinct leaves ; — ^they become, as it were, blended with the gene- 
ral surface ; and all their functions are performed (as in the 
Cacttis tribe) by this. Such, it will be remembered, is the case in 
the Liverworts (§ 32.) ; and also in the Lichens and Algae, in all 
of which, however, we notice a flat expanded surface, by which 
the functions of leaves may be in some degree performed. This 
expanded surface is ofiben of great extent in the Algae, and pos- 
sesses a very leaf-like aspect; but, as already stated, it does not 
perform the functions of leaves alone, but is everywhere equally 
adapted for absorbing the fluid that constitutes its nourishment, 
and in many instances contains the fructification also imbedded 
in its substance. (§ 41.) 

224. The case is different, however, in regard to the Fungi. 
These plants derive their nourishment from matter which has 
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already been in a state of organization; and the condition in 
which they receive it is such, that it does not require to be elaborated 
by exposure to the atmosphere, as it does in all other but the para- 
sitic plants already mentioned, which much resemble the Fungi 
in habit. Accordingly, the Fungi, the whole energy of whose 
vegetation seems to be concentrated upon the propagation of the 
race, do not possess anything analogous to leaves, and seldom ex- 
hibit even such an expanded surface as may be considered to 
replace them. It is very rare, too, that this surface is green ; 
and, as will be hereafter shown, this green colour in leaves is due 
to certain changes, which, from the condition of the growth just 
mentioned, the Fungi do not need to perform. 

225. We now return to the leaves of Flowering plants ; and 
shall trace in more detail their regular structure, the chief varie- 
ties of this, and the functions which they are destined to perform. 
And in the first place we shall consider their external aspect. 

226. The leaf is usually borne upon a petiole or foot-stalk ; 
which connects it with the stem ; and it is at the bottom of the 
petiole that the separation from the stem takes place when the 
leaf falls oflP. By this it may be known what is really a single 
leaf, and what is a collection of separate leaves. Not unfrequently 
a leaf is very compound in its structure, consisting of a number of 
distinct leaflets, which might be regarded as so many leaves. 
But if these leaflets all proceed from one foot-stalk, and this drops 
off altogether at the accustomed period, they are to be considered 
as only the subordinate parts of a single leaf. Many such instances 
might be enumerated ; but it will suffice at present to refer to 
the Ferns (§ 23.) in which what appears to be the stem is really 
but a leaf-stalk; and what seem to be leaves are only leaflets 
proceeding from it, and forming part of one large leaf. 

227. There is not always such a definite distinction between 
the flat expanded blade and the round and slender petiole, as, 
from what we observe in common plants, we might suppose to be 
the case. The petiole is sometimes expanded into a leafy surface, 
and may even perform all the functions of the true leaves, when 
the latter are deficient. Thus in a British aquatic plant, known 



be two kinds 




b; the name of Arro«>-head (teclinicaUy Sagittaiia Bagittifolia) 
frhicli ia common in running streams, we obeerre what appeal to 
some elevated above the surface, 
and formed like the head of an 
arrow, (whence the name of the 
plant ;) and others flattened, of equal 
breadlh throughout, (technicallj 
termed li{;ulat« or strap-shaped,) and 
not appearing above the water. 
These last are in reality the flattened 
petioles, which perform the functions 
of leaves as long as they remain 
under water ; but as soon as any of 
them have strength to elevate their 
summits above its surface, true leaves 
Slg37 S^tt^iaSagittifoba, are developed from them, and the 

or Arrow-head , Bhowiog eipand- ■ i i - 

ed petioles beneath tbe water, petiole then Contracts mto a round' 

and true l»vea above. ^^^ 

228. A corresponding structure is exhibited by some of tbe 
Acataas of Kew Holland, which are sometimes so completely des- 
titute of true leaves as to be termed " leafless." When this is the 
case, the petioles are flattened and expanded, and present a leaf- 
like sur&ce, which is adapted to perform the functions of the true 
leaves, from which they differ, however, in having the two surfaces 
alike, and in growing in nearly an upright position, instead of ho- 
rizontally. The true leaves, (which, like those of other Acacias, 
are very compound in their character, see Fig. 39.) are only to be 
found in yoimg plants, or in old ones which have been freely 
pruned ; and it is not uacommon to find many degrees of deve- 
lopment, intermediate between those which exhibit the fiiUy ex- 
panded leaf with its narrow and cyUndrical petiole, and those 
which hare no vestige of the blade, and present nothing but 
the leafy foot-stalk. In all these, the amount of expansion 
c^ tbe petiole bears a precisely inverse proportion to that of 
the leaf; tbe former replacing the latter when it is unfit to per- 
form its functions. 
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229. The blade of the leaf is composed of the expanded rems 
or nerves proceeding from the petiole, the interstices between 
which are filled up with cellular tissue, and the whole covered 
with cuticle. The mode in which these yeins are distributed 
is very characteristic of the principal divisions of the yegetable 
kingdom. Thus, in the Cryptogami A, wherever true woody yeins 
exist in the leayes (which is scarcely the case in any but the Ferns,) 
they are seen to divide and subdivide, — each usually bifurcating, 
or splitting into two branches like the prongs of a fork, at inter- 
yals ; — ^but these subdivisions do not unite s^ain. Hence, as re- 
gards their leaves, the Cryptogamia may be characterized as 
forked-veined, 

230. In the group of Endogens it may be observed that the veins 
run in a nearly straight direction, and almost parallel to each 
other ; and that they have but little connection by the interlace- 
ment of their minor subdivisions. The arrangement of these yeins, 
howeyer, differs according to the general form of the leaf. Thns, 
in the long narrow leayes of the grasses, and of other Endogens, 
such as the Lily, Iris, Sec. the foot-stalk is not continued along 
the leaf as a great central yein or midrib^ but diyides at once 
into seyeral yeins which run along side by side &om one end of 
the leaf to the other ; and as there is yery little connection between 
these different yeins, the leaf may be readily and very straightly 
torn from one end to the other. In other cases, howeyer, the leaf 
is broader, and the parallel yeins are sent off from a large central 
midrib, running in the direction of the breadth of the leaf. As 
these, too, are but little connected with each other, it is easy to 
tear one of these expanded leaves into a number of narrow 
ribands, which will then hang from the midrib ; and something 
resembling a compound leaf will thus be produced. As each of 
these ribands will have its own yein uniting it with the mid-rib, 
and is in its natural state scarcely connected with the surrounding 
parts except by the cuticle which enyelopes the whole, the leaf 
will perform its frmctions nearly as well when thus subdiyided as 
when entire. 

231 • It is curious that such a separation should sometimes take 
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place under the influence of natural causes. The Banana and 
I^antain of tropical climates hare leaves of this kind ; and when 
they grow in situations in which they are much es^posod to the 
wind, its action splits them up in this manner, from which they 
do not appear to suffer. These plants are sometimes grown in 
hot-houses in England; and then, heing completely sheltered, 
the expansion of their leaves is preserved entire, which seldom 
happens in their native habitation. In whichever direction the 
veins are arranged, the general character of the leaf is the same ; 
and hence the leaves of Endogens are spoken of as paraUd-veined^ 
by which character they are distinguished from those of the Cryp- 
togamia on one haud, and, as will presently appear, from those of 
Exogens on the other. 

232. The form and mode of subdivision of the system of 
veins in Exogens are extremely irregular; but there is a 
character common to all, by which the leaves of this group may 
be distinguished without much difficulty from those of the others. 
There is usually a midrib, or prolongation ^of the foot-stalk along 
the centre of the leaf, from which the smaller veins arise ; but 
sometimes the petiole subdivides at once into several subordinate 
veins, which run from one extremity of the leaf to the other, nearly 
parallel with the other, as in Endogens. But the secondary veins 
of Exogens, however they may be disposed, always give off a vast 
number of minute branches, which ramify and unite with each 
other, so as to form a complete network ; and thus it is, that the 
leaf of an Exogen can seldom be torn with any regular edge. 
From this character the Exogens may be described by their leaves 
as reiictikUed-veined ; — the veins forming a retictdum or minute 
net-work. 

233. It is in these that we can make the most beautiful 
skeletons, by -removing the soft fleshy portion of the leaves, and 
preserving only the woody structure. Such skeletons may often 
be found in the autumn, when the fallen leaves have been exposed 
to the influence of moisture for some time ; and with slight care 
they may be made to exhibit a very beautiful appearance. They 
may ea^ly be prepared by soaking in water a leaf possessed of 
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firm texture, until its mftei portioii be in & state of decay ; if then 
the latter be trashed away by careftJly directing a small stream of 
water against it, the skeleton will be left. Not only do leaves 
contain such a skeleton; bnt the leafy parts of flowers, and eren 
the ehne of such soft fruits as the cherry. 

234. Now, with the same distribution of tJie veins of the 
leaf, many curious varieties of structure may be produced by a 
difference is the degree in which the apace between them ia filled 
up. One of the simplest of these is where holes are left in the 
blade of the leaf, in consequence of a deficiency of the fleshy por- 
tion. Some plants are particularly liable to this irrtgnlarity ; whidi 
does not exist, however, where they are well supplied wiUi noa- 
rishment. A similar, but much more curious variety exists in an 
aquatic plant of Madagascar, in which the fleshy cellular tissue or 
parenchyma is so little de- 
veloped between the vans, 
that the living leaf much 
resembles in its form one 
of tlie skeletons just de- 
scribed. 

235. It is by no measi 
tmcommon to see the edge* 
of leaves more or less de^ 
ly indented, according to 
the amount of natrintent 
which the plant is receiv- 
: ; the disliibittion of the 
veins and die general out- 
line of the leaf remairuiig 
, the same throughout, ^nms 
, the CoehUaria, or Hcobs- 
ladish, has the edges of its 
leaves neaily smooth, whra 
Fig 38. DiffCTMit tmon of Imth having growing in a sufBcientiy 

(he fame Tenation ; a. Water Crowfoot ; ^ u -i , v ^ -r ^arwA 

pUtRiufoliai /, Diohoadta^p, Aiarabacca. the blade will be divided 
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into separate strips like the teeth of a comb, from the deficiency 
of flesh to fill up the spaces between the veins. In the accompa- 
nying figure are represented the outlines of different leaves having 
the same general distribution of the veins, but a different propor- 
tion of the fleshy substances between them. 

236. In some plants in which the framework of the leaves is 
very strong, the ends of this project from the edges of the leaf, 
when the latter is stunted in its development, forming sharp 
prickles. This is the case in the Holly ; the prickles on the leaves 
of which will be at once seen, if examined, to be simply the dried 
and projecting terminations of the veins. On looking at any full- 
grown Holly, considerable variety will be noticed in the degree in 
which the leaves have this prickly character ; and in general it is 
seen that the lower ones are the most stunted and rough, whilst 
the upper ones have the parenchyma of the leaf so much developed 
as to include these extremities, and thus to render tlie edges of the 
leaf quite smooth. Sometimes it has been observed that a Holly, 
growing in a very luxuriant soil, has had all its leaves in this 
manner metamorphosed, so as entirely to lose the peculiar aspect 
of the tree. This is one of the modes in which the repulsive 
character of some plants is softened down by cultivation. In 
the Gadtts tribe, it would seem as if all the nourishment which 
would naturally form leaves is bestowed upon the stems them- 
selves ; and thus the tufts of prickles already noticed are the only 
indications of their place. These prickles are the woody veins ; 
which are sometimes seen, in specimens grown in hot-houses in 
this country, to be converted into true though very minute leaves ; 
in consequence, probably, of the greater supply of nourishment 
they receive under such circumstances, than in the dry and sterile 
situations thej frequent in their native climes. 

237. The division of leaves into leaflets may be regarded as 
taking place upon the same general principle. When a single 
series of leaflets arises from the midrib, the leaf is said to be pin- 
nate^ or winged. But sometimes, instead of leaflets arising from 
the midrib, we find secondary veins, from which, as from smaller 
midribs, secondary leaflets arise. Such are called hi-pinnate leaves. 
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The dividon may go yet further; and the secondary vans may 
give off their branches before any leafy parts appear on them, and 
these are of coarse much smaller and at the same time more nu* 
merous. A leaf in nhich this is the case is termed tri-pinnatt. 
Such forms are generally peculiar to different kinds of plants ; but 
there are some in which we find thera strangely intermixed, so as 
to display their real origin and character. 

238. Such an example ia afforded by the Gledittia or Honey- 
locust tree of North America, knovrn to English gardeners by the 
name of the three-thomed Acaina. As in other Acacias, the leaves 
are compound ; but the division tdten proceeds to sach diSerent 
degrees in different parts of &e same leaf, that it is difficult to say 
whether it id to be considered pinnace, bi-pinnate, or tri-pinnaie. 
Of such a leaf, in the ac- 
companying figure, tlie 
central stem is the midrib ; 
and ftom it proceed the se- 
condaiy reins on each side. 
The first pair of these 
bears on one ude a leaflet 
which shows indentations 
marking a tendency to sub- 
division ; and, on the other 
side a series of secondary 
leaflets, formed by the 
complete subdivision of 
the first The second pui 
,*yj^ of veins bears on one nde 
a series of secondary leaf- 
lets nearly similar ; but two of these ate seen to have agwn sub- 
divided into more minute leaflets ; the distribution of the veins in 
which, however, precisely corresponds with that of the lai^er ones, 
so that a skeleton of the whole would exhibit little difference in 
its several parts.. On the other side a portion of another series of 
secondary leaflets is seen ; but towards the extremity they mrage 
ag^ into a larger leaflet. Below these again, we have a complete 




(1g. 39. LeafufGledit^oneoF the 
cia tribe, showing curioiw t-"— '- 
subdivUioilB of the leaflets. 
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pcur of larger leaflets. If the vrbole of tbe leaf had been formed on 
this last plan, it would have heea amply pinnate. If on the plan of 
the loweat dirision, in which there is a complete series of secondary 
leaflets on each aide, the leaf would have been bi-pinnate. And if 
the whole leaf had been constructed upqji the plan of the minutelj- 
subdivided portion of the second division, it would have been 
tri~pinnale, 

239. These are some of the most interesting Tarletics in the 
form of leaTes, depending upon the degree in which the parenchyma 
or cellular flesh is supplied to fill up the interspaces between the 
veins. Of those which depend upon the various distribution of the 
veins themselves it is not intended here to speak ; since every plant 
furnishes materials for observation of these differences. In regard 
to the site of leaves, it may here be mentioned that, whilst in some 
species they are nearly microscopic, in others, especially of the 
Palm tribe, dngle leaves attain the length of from 30 to 40 feet 

240. There are some leaves possessed of the power of develop- 
ing buds from their edges, — a fact which will hereafter be shown 
to be important. One of these is the Bog-Orchis (Malaxia paiiido- 
laj of English marshes ; in which these buds may be distinctly 
seen, though the whole plant is very small. A better example, 

however, is the BryophyUum 
calz/cinum, which is a species 
inhabiting tropical climates, 
and known as the air-plant 
or lec^-plant, from the circum- 
stance of its having no true 
stem or roots, but maintain- 
ing its life, and even growing 
and flowering, whilst hung 
up in a damp and warm at- 
mosphere, without the con- 
tact of soil to any part of it. 
, The little buds which de- 
velope themselves at the edges 
the leaves, may become perfect plants before separating 
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themselves from the parent; but, wlien they have once formed 
their own leaves and root-fibres, thej are bat little connected mth 
it, and may be detached vrithout injury. 

241 . The usual form of leaves is often remarkably changed ; 
and many of the varieties ])roduced in different plants seem to have 
for their object to collect water from tUe atmosphere and convey it 
to the roots. The large expanded leaves of the Arum tribe, fin 
example, have a deep channel down the midrib ; and this is con- 
tinued along the petiole, so that the water collected by the leaf is 
conveyed to the point of the stem from which it springs. In the 
common Teazel fDipsacutJ of our own 6e1ds, and the TiHandtia, 
or Wild Pine of South America, there are hollows capable of hold- 
ing a considerable amount of water at the point of union of the 
leaf-stalk with the stem. 

242. But the most curious contrivances of this kind are those 
known oapileAers. The plants fiimished with these curious recep- 
tacles are termed Pitcher-plants, and several kinds of them are 
known. In the Sarraeenia, which is a native of Canada, these 

pitchers may be dis- 
tinctly seen to be 
formed by the very 
deep channehng of 
leaves and leaf- 
stalks, the edges of 
which fold towards 
I and meet one ano- 
I ther, so as to £>rm 
a complete vase the 
mouth of which is 
guarded by a sort of 
hood formed by the 
top of the leaf- 
In the Nepen&ei 
or Chinese Pitcha- 
Fig.41. Dlfferentkindsof Pitcliera so, pitcher of i^t ^^ pitcher 
SttriBceniai 6, pitcher o( Neptnthee; c, pitclier or ' ' * 

Cephalotua. IS of more complex 
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and singular construction. The petiole, soon after it arises from the 
stem, spreads into a broad leafy expansion, which seems to per- 
form the function of the true leaves ; it then contracts and forms 
a round tendril-like cord of several inches in length ; and it then 
expands again, and is hollowed in its interior, so as to form a very 
capacious and elegant receptacle. The mouth of this is guarded 
by a separate little leafy cover, which is connected with it by a 
distinct joint ; and this is regarded by botanists as the true leaf. 
In one more variety, the pitchers of the Cephalotus utricularis, or 
monkey-cups of South America (so named from its being reported 
that the monkeys quench their thirst with the fluid they contain,) 
the petiole seems to form the lid ; and the pitcher itself is com- 
posed of the hollowed leaf which hangs from it by a kind of 
hinge. 

243. In regard to the frmctions of these curious organs there 
is some difference of opinion. It seems probable that the pitcher 
of Sarracenia is a kindr of fly trap, which serves to catch insects, 
the decay of which may'frimish materials for its growth. Its in- 
terior is beset with long bristly hairs which point downwards ; and 
at the bottom there is poured forth from the plant a honey-like 
secretion, which is very attractive to insects. They experience 
little difficulty in reaching it ; but when they endeavour to return, 
they are checked by the downward projection of the hairs, and are 
caught like a rat in a trap. It has been observed that the plant 
does not thrive so well in a place from which small insects are ex- 
cluded ; and there is good reason to beUeve, therefore, (especially 
since, as we shall presently see, a corresponding instance certainly 
exists,) that they are in some way beneficial to its growth, probably 
frimishing by their decomposition when dead a sort of manure 
which is useftil to the plant. 

244. In regard to the Nepenthes no very positive statement 
can be given ; and it is certain that, of the fluid which is found in 
the pitcher in the living plant, a part at least is poured into it 
from the plant itself, since it has been found to contain fluid while 
quite immature, before the first opening of the lid. The interior 
is covered with downy hair; and it is probable that this performs 
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die same functions as in other cases, attracdng moisture from the 
atmosphere b; its numerous points. It has been observed that the 
lid is closed to dry weather, as if to prevent loss of fluid by eva- 
poration Irom the iuterior ; but that if the atmosphere be made vet; 
damp, and especially if the plants near it in the liot-honse be 
watered, so as to cause a large quantity of iraterj VRpour to snr- 
round it, the lid of the pitcher will epen, and the quantity of water 
contained in it will soon show a considerable increase. 

245, The most curious, perhaps, of all the pitcher-plants at 
present known is one which has hitherto only been observed in 
India, growing in its native forests; and it is called the DiitAidia. 
It is a creeping plant, having a long twining stem which is desti- 
tute of leaves until near its summit ; and this may be a hundred 
or more feet from the toots, on which, therefore, it can scarcely 
depend for nourishment by absorption of fluid from the ground. 
Its supplies of moisture from a tropical atmosphere would be very 
uncertain if there were no provision for storing up what it occa- 
sionally collects ; but vrith such a one it is furnished. The pitcher 
seems formed of a leaf with its edges rolled towards each other and 
adherent ; and the upper end or mouth, from which it is suq>ende^ 
is quite open, and adapted to receive whatever moisture may de- 
scend from the air, whether in the form of rain or 
$ dew. It is accordingly always found to contain a 
\ considerable quantity of fluid, in which a iiumb« of 
[ small black ants are generally seen ; these are pro- 
L bably attracted by It, and their decompodtion may, 
in the case of the Sanracenia, render it yet more 
nutritious to the plant. But the most curious part of 
the whole apparatus is a tuft of absorbent fibres, re- 
sembling those of the roots, which are prolonged from 
Fig. 42. the nearest part of the branch, or even from the stalk 
^'■d''*Ba^sr '*■ "''i''!' ^^^ pitcher is attached, and which spread 
ania ; showing through the cavity. They may be regarded in the light 
liko tiVireg'pro- of secondary roots, serving to introduce into the plan! 
lonsed hito^t ^^^ jj^j^ aliment collected in these curious resetvoirs, 
joining tw!g. which may be compared to the stomachs of animaln. 
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246. One more curious modification of the leaf may be noticed ; 
— that which forms the insect-catching trap of the Dioncea mut- 
cipula^ a plant inhabiting the southern part of the United States, 
and commonly known as Veniiaa Fly-trap, In this plant we find 
certain of the leaves fiinged at their edges with a row of long 
spines, and endowed with the power of folding the two sides of 
the leaf towards each other, so as to enclose any thing between 
them which may have settled upon its surface. When thus 
folded, the spines cross each other in such a manner as com- 
pletely to prevent the escape of an insect which may be thus 
captured. Upon each half of the blade of the leaf, there are 
three projecting thorns; and it is when either of these receivea 
the slightest touch, that the two sides fold together and form a 
complete trap, the walls of which seem to press more closely 
upon the captive the more it struggles. Any unfortunate insect 
which alights upon the leaf is thus speedily destroyed ; and its de- 
cay appears to furnish the plant with nutriment beneficial to it. 
Plants of this kind, which have been kept in hot-houses in this 
country from which insects were carefully excluded, have been ob- 
served to languish ; but were restored by placing little bits of meat 
upon their traps, — the decay of these seeming to answer the same 
purpose. The petioles of the leaves which form these traps are 
very much widened and flattened, forming leaf-like organs, which 
seem to perform the functions of true leaves. 

247. Having now noticed the chief varieties of leaves, as 
regards their external form, we shall proceed to consider their in- 
ternal structure ; and this exhibits a degree of complexity which 
would scarcely be supposed. The internal structure of the leaf 
cannot be well examined without a high magnifying power. It is 
necessary to cut the leaf across with a sharp knife, and then to pare 
off an excessively thin slice from the cut edge ; so that when a sec- 
tion, exhibiting the thickness of the leaf, from one surface to the 
other, is placed under the microscope, the light may be sent 
through it. A portion of such a section of the leaf of the Lily, 
which may be regarded as sufficiently characteristic of leaves in 
general, is shovn in the next figure. The hollow cells of the cuticle 
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coriting the upper 
sorface of the leaf 
are seen aboTC, and 
those of the under 
cuticle below. Be- 
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Been a large num- 
Fip. 41 Section of the leaf of the LUy i o, oelk *>«■ ^f shaded cdk, 
composing cuticle of upper BDT&ce; i, cella of cuticle which reprearait the 
of lower sut&ee ; c, c, stomata ; (/, nppcr eloBcly-Kt ' ' 

layer of psienchrma ; t,/, lower rows of cell* man coloured parenchj- 
U*.elya™,gcd. ^ ^^ g^^ ^^ 

tion of the leaf. These are arranged with considerable r^nlari^, 
and are packed \eij closely together beneath the upper surface ; 
and there are scarcely any spaces between them in that port. 
Below, howevi>r, it is seen that the cells are of lets regular finm, 
and that they do not come into nearly such clooe contact, so that 
there are many spaces amongst them, which, communicating fieely 
with each other, form what are termed the intert^vlar passages 
and spaces of the leaf. 

248. The stomata are chiefly to be found in the lower sur&ce ; 
and they always open into the vacant spaces beneath the cuticle, 
and not against the cells in contact with it. It is the la^ pro. 
pordon of these vacant spaces, which usnally contain a consider- 
able quantity of mr, that occasions the colour of the under side (^ 
the leaf to be usually much lighter than that of the upper. The 
cells of that part are themselves of a shade fiiUy as deep ; but a 
much smaller number of them lie against the transparent colooi- 
less cuticle. This may be easily seen by cutting a thin slice &om 
the under ude of the leaf with a sharp knife, in such a manner as 
to detach a portion of the cuticle with the cells adherent to it : 
and on magnifying this it will be observed, how small a proportion <A 
it is really rendered green by the coloured tissue in contact with 
it. The large amount of air which these passages contiun, is made 
evident by putting a leaf in water under the receiver of an air-pump; 
and if the pressure be removed from above, by exhausting the air, 
a number of minute bubbles will be seen to issue &om the pores of 
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the leaf, which form a portion of the air preyiously contained 
in it. 

249. Nearly all the leaves which assume the ordinary position, 
haying one surface directed upwards and the other downwards, 
closely correspond with the one just adduced as an example in 
their general structure. There are, however, some curious excep- 
tions. Not unfrequently we find the openings of many of the 
stomata blocked up ; especially in plants which inhabit hot and 
dry situations, and in which, therefore, less superfluous moisture 
has to be exhaled through them. It is in such that we find the 
cuticle formed of more than a simple row of ceUs. The Oleander 
is a very remarkable example of this structure. The upper cuticle 
consists of three rows of cells fiilled with air alone. Beneath this 
we find two layers of green cells packed with extreme regularity 
and closeness, so as not to leave any passages between them; 
but between these and the lower cuticle the texture of the paren- 
chyma is very loose. The lower cuticle contains three and some- 
times four layers of cells ; and its exterior is covered with downy 
hairs. It contains few or no stomata ; but instead of these we find 
cavities in its substance, opening externally by a small orifice, and 
closely lined within by similar delicate hairs. Now, as already men- 
tioned, it seems that these hairs act as so many little rootlets; absorb- 
ing moisture with which they maybe in contact, when the necessities 
of the plant require it ; and nothing can more effectually aid them 
than the little cavities just mentioned, which are so beautifully 
adapted to contain such minute quantities of water as the atmo- 
sphere may deposit. Thus, the dryness of the soil and climate 
in which this species naturally exists is compensated by the pecu- 
liar structure of its leaves ; and it is, accordingly, one of the few 
plants which will flourish in a sitting room, the air of which is too 
dry for the health of most others. Similar cavities have been ob- 
served in the Nepenthes and Dionsea. 

250. There are many plants, however, whose leaves expose 
each side equally to the light ; their surfaces being upright instead 
of horizontal. In these, both sides are usually formed alike, and 
their colours are the same. Upon examining their interior structure 
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it is found that both sides are equally furnished with inter- 
cellular passages ; and that the number of stomata above these is 
nearly equal. This is the case, for example, in the common Iris. 
But there are some instances in which the general plan of stmc- 
ture is completely reversed, — ^the stomata being restricted to the 
upper surface, and the upper part of the parenchyma being much 
looser in texture than the lower. This is the case, for example, 
with the Water-Lily, and other plants whose leaves float on the 
surface of the water. The thick spongy leaf of the Water-Lily 
contains a large amount of air-channels, which serve to give it 
buoyancy ; but these are all immediately beneath the upper sur- 
face, and communicate with the external mr through its numerous 
stomata; whilst in contact mth the lower sur&ce, — ^which, as it 
lies upon the water, is cut off from the actions that are usually 
performed by it, — are two rows of closely-packed cells, correspond^ 
ing to those generally in contact with the upper surface. In all 
these instances we observe such a beautiful adaptation of the 
structure of these wonderfully-organized beings to the drcum- 
stanoes in which they are to live and grow, that the intelligent ob- 
server can scarcely feel a doubt of the Wisdom and Omnipotence 
of the Designing hand which contrived it. 



CHAPTER VIII. 



OF THB FUNCTIONS OF LEA.VES. 



z51. It is in the leaves, as already stated more than once, that 
those changes are effected, which convert the crude fluid absorbed 
by the roots (consisting as it does of little else than water in which 
is dissolved a very minute proportion of the various matters exist- 
ing in the surrounding soil) into the proper juice or nutritious sap^ 
—capable not only of supplying to the different parts of the struc- 
ture the materials necessary for the maintenance of their healthful- 
ness, the repair of injuries, and the production of entirely new part?, 
— ^but also of furnishing the ingredients of those several products, 
which the various tribes of plants may be said almost to create from 
the elements around them, and which are so valuable to man 
as articles of diet, as medicines, or as articles of use in his various 
manufactures. Many of these will have to be considered here- 
after under the head of Secretions ; but it is interesting to observe 
here, that, — ^although almost every tribe of plants forms some 
substance peculiar to itself, some of which are of a highly poison- 
ous character, whilst others are of the mildest and most whole- 
some nature, — they all originate in ascending sap, which is 
of nearly an uniform character in each tribe. 

252. In this process of elaboration^ as this conversion has been 
termed, several distinct changes are involved. The first is the 
concentration of the fluid by the loss of a considerable proportion 
of its water, so that the amount of solid matter contained in any 
quantity of it is much greater than before. This is effected by a 
process which resembles the perspiration of animals; a large 
quantity of watery vapour being given off, under favourable 
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circumstances, from the surfiebce of the leaves as from the pores of 
the skin of a man. 

253. If a glass vessel he placed with its mouth downwards 
on the surface of a meadow or grass-plot during a sunny afternoon 
in summer, it will speedily be rendered dim in the interior by the 
watery vapour which will rise into it, and this will soon accumulate 
to such a degree as to run down in drops. From an experiment 
of this kind repeated by Bishop Watson during several successive 
days, on a meadow which had been cut during a very intense heat 
of the sun, and afber several weeks had been passed without rail, 
it was calculated by him that an acre of grass land transpires in 
24 hours not less than 6400 quarts of water. This is probably an 
exaggerated statement ; as the Bishop does not seem to have been 
aware how completely transpiration is checked during the night; 
but it will serve to give an idea of the enormous amount of fluid 
which must be thus disengaged. Any person walking in a meadow 
on which the sun is shining powerfully, especially in a hot day in 
summer, when the grass has not long previously been refreshed 
by rain, may observe a tremulous motion in distant objects, occa- 
sioned by the rising of the watery vapour; exactly resembling 
that which takes place along the sea-shore, when the sun shines 
strongly on the pebbles that have been left in a moistened state 
by the retreating tide. 

254. It is necessary, however, to distinguish the evaporation 
which is the cause of the latter occurrence, from the peculiar func- 
tion we are now considering ; which, as we shall see, is influenced 
by circumstances that only act during the life of the plant, in such a 
manner as to prove it to be something of a different character 
from that which we observe in dead substances. All moist bodies 
exposed to a tolerably warm and dry atmosphere have a tendency 
to become dry, — the fluid they contain slowly passing off in tii^ 
form of vapour. The rapidity with which this takes place will 
depend upon the amount of heat to which they are exposed, and 
the degree of dryness of the surrounding air. Every one knows 
that warmth is of great assistance in drying moistened substances 
of any kind ; and this results from its promoting the conversion 
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of the water into yapour. It may easily be observed, too, that a 
damp atmosphere retards the process ; and the air sometimes has 
SO large a quantity of vapour suspended in it, that it deposits it as a 
dew upon dry substances, instead of raising fresh moisture from 
damp ones. 

255. Now the living fabrics of plants are subject, like all 
other moist substances, to the loss of fluid by evaporation ; and 
this would take place under the conditions just mentioned, from 
all the parts which have this character, were it not for the protec- 
tion afforded by the cuticle. This membrane, as formerly stated, 
covers the whole surface of every plant which is exposed to the 
air ; and, from its dry nature, and the absence of any fluid in its 
cells, it is not liable to be thus influenced by heat or dryness 
of the atmosphere, so that it effectually protects from the undue 
influence of these agents the soft tissues beneath. The difference 
which results from the presence or absence of this cuticle may be 
well seen by comparing the long-continued flreshness of the leaf of 
any flowering-plant which is kept in the dark (so that its ex^ala- 
Hofiy or transpiration of fluid through the stomata, as presently to 
be explained, is prevented,) and the rapid shrivelling of the frond 
of a sea-weed, or of any Flowering-Plant that naturally grows 
beneath the water, when equally exposed to the influence of a 
warm and dry atmosphere. And, as already noticed, the cuticle 
is almost invariably found to be the thickest and firmest in plants 
which frequent very hot and dry situations. 

266. Nevertheless the cuticle does not entirely check eva- 
poration ; but this takes place from the surface of a dead plant, or 
any portion of one, as well as from one in the most active vege- 
tation. The shrivelling of Apples long kept, and the loss of 
weight of Potatoes, are examples of this slow and gradual change. 
It may be stated, then, that Plants, like other moist sof); substances, 
are liable to part with some portion of their fluid by evaporation, 
especially when exposed to a warm and dry atmosphere; but that the 
amount of this loss is far too small to account for the large quantity 
of vapour, which, as just stated, may be easily ascertained to pass 
off at certain times from the surface of the living plant. 



160 PASSAGE OF VAPOUR THROUGH STOMATA. 

257* Now a few simple experiments will show that there is a 
strong probability that this rapid transpiration takes place through 
the stomata. If a piece of glass be held near the upper surface 
of the leaf of a vine actively growing in a hot-house, little effect 
will be produced upon it ; but if it be held near the under surface 
the glass will soon be dimmed by the vapour, and in a short time 
longer this will accumulate so as to form drops. As the upper 
surface of a vine-leaf is nearly destitute of stomata, whilst the 
lower is thickly covered with them, the disproportion in these 
effects is at once explained, if the transpiration really take place 
through these apertures. Similar experiments on other plants 
lead to the same general result. Where the stomata are equal in 
number on the two sur&ces, both seem to transpire alike; and 
when neither possess stomata capable of action, the transpiration 
is scarcely to be observed. Again, if a plant actively transpiring 
under the influence of sun-light, be carried into a dark room, its 
transpiration is immediately and almost entirely checked ; and if 
its stomata be then examined they will be found to have closed. 
Thus it appears almost unquestionable that the rapid loss of fluid 
from the whole vegetable surface, but especially from the leaves, 
which constitutes a most important part of the economy of the 
living plant, is regulated by the number of stomata which each 
part contains, and by the degree in which light acts upon 
them (§ 94.). 

258. Still, this kind of transpiration (which, to distinguish it, 
may be termed exhalation) is not altogether different in its cha> 
racter from the common evaporation flrst described. It will be 
recollected that the stomata open into large passages channelled 
out, as it were, in the fleshy substance of the leaf; and that the 
walls of these are everywhere composed of a very soft tissue, 
which is constantly kept moist by the crude sap conveyed so 
plentifully into the leaves. If, therefore, the atmosphere be 
admitted into these passages, a very large amount of evaporation 
must take place from their sides, which resemble, in the want of 
any protection, the substance of plants habitually living under 
water ; and this evaporation will be the more considerable, as the 
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surface exposed in these passages is much greater than that of the 
leaf itself The exhalation of fluid from the living plant, then, 
may be regarded as a kind of evaporation from its interior, and 
will be promoted by the warmth and dryness of the air around ; 
but it is entirely controlled by the stomata, which, by admitting 
or excluding the air, permit or check it, in accordance with the 
influence of light upon them. 

259. Thus, then, we see one important mode in which light 
influences the growing plant. No amount of heat can supply a 
deficiency of this agent ; for, if it be excluded, exhalation is en- 
tirely prevented, and ^1 the fluid that is transpired has to pass off 
by the slow process of evaporation only, which is not nearly 
sufficient for the required concentration of the sap. Moreover, 
when the exhalation is checked, absorption soon ceases ; for the 
tissues become gorged with fluid, and are capable of containing 
no more. If a plant, accustomed to grow in open day, be kept 
for some time in the dark, it becomes unhealthy, and, as it were, 
dropsical ; and will generally die if not restored to its usual con- 
dition« This is not, however, the only process performed by the 
leaves, which is r.hecked by the want of light ; and therefore the 
unhealthiness which results cannot be imputed to it alone. 

260. We are now prepared to understand, then, the share 
which the leaves have in promoting and maintaining the absorp- 
tion of fluid by the roots. The exhalation which takes place in 
the leaves has a corresponding effect with the combustion of oil 
at the top of the wick of a lamp,— occasioning a continual de- 
mand for fluid from below. If the flame be extinguished, the oil 
does not flow over the top of the wick, because the absorption of 
it ceases also ; and so the action of the roots is governed by that 
of the leaves, the former organs ceasing to absorb the fluid, when 
it is not drawn off by the latter. This connection is not only 
shown by the experiment just mentioned, but by a still more re- 
markable one, which explains in great degree the cause of the 
ascent of the sap in the spring, after it has been nearly stationary 
during the winter. If a vine be growing on the outside of a hot- 
house, and a single shoot be trained within, in the midst of 

M 
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winter, the warmth to which the latter is exposed will cause its 
buds to swell and unfold themselves ; whilst those on the outside 
are quite inactive. A demand for fluid will thus be occasioned 
along this particular branch ; and this will be supplied by that 
existing in the vessels below. When these are emptied, they will 
be again supplied from the parts below them ; and thus the 
motion will be propagated to that division of the roots whose 
fibres are connected with those of the vegetating branch, which 
will absorb fluid for its support, whilst all the rest are completdy 
at rest. In the spring of the year, when the cheerful rays of the 
sun call the whole of the buds into activity, the whole of the roots 
are similarly aflected ; and that the sap begins to move in the 
upper branches, before it commences ascending in the trunk, has 
been shown by experiment, — ^notches having been cut at inter- 
vals, by which the period of its flow could be ascertcdned in eadk 
part. 

261. Various experiments have been made at different times 
to ascertain the quantity of fluid thus exhaled by plants; and 
the results of many of them are very interesting. Those made by 
Dr. Woodward 150 years ago have been already noticed ($ lOOX 
as indicating the large quantity of water absorbed. There is no 
great difficulty in ascertaining the amount upon a small scale ; 
for if a plant be supplied with a known weight of water, and the 
weight it has gained during a certain time be deducted fix>m this, 
— allowatice being also made for the evaporation from the surfieuM 
of the water in which its roots are immersed, the quantity of 
which may be easily estimated, — the difference must be the 
proportion exhaled. This differs much in different plants accord- 
ing to the rapidity of their, growth. 

262. It has been ascertained that the young leaves and shoots 
of the Wild Cornel exhale twice their own weight of water daily. 
A common-sized Cabbage in the twelve houris of daylight, was 
ascertained by Hales, (one of the best experimenters upon this 
interesting subject) to exhale from 15 to 25 ounces daily, accord- 
ing to the light and warmth to which it was exposed. This 
quantity, in proportion to the amount of sur^Mse exposed by the 
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leaves, is probably as great as most plants furnish ; and is more 
than is given off from the skin of man in the same time. This 
has been reckoned to amount in twenty-four hours to about 25 
ounces ; which, as there is no great difference between day and 
night, would make 12^ ounces in twelve hours ; admitting, there- 
fore, that the surface of his body is about one-fourth less than 
that of the leaves of the Cabbage, and reckoning the perspiration 
of the latter at the mean between the greatest and the least, it is 
still much greater than that of man. 

263. The transpiration of a Sun- flower in full growth, during 
fifteen days and nights, was carefully observed by Hales. This 
plant was 3^ feet high, weight 3 pounds, and the surface of its 
leaves was estimated at 5616 square inches,— or about 2^ times 
that of the human body. The average transpiration during the 
whole period was found to be 20 ounces per day ; but in one 
warm dry day it was as much as 30 ounces. During a dry warm 
night, it lost 3 ounces — probably by simple evaporation ; when the 
dew was sensible though small, it neither lost nor gained ; and 
by heavy rain or dew, it gained 2 or 3 ounces. When this amount 
is compared with that perspired by man, it may be shown that, 
if their suffacea were equal, the man would perspire 50, and the 
plant 15 ; but that, for equal weights^ the plant exhales 17, while 
the man perspires 1. Experiments upon single leaves, when not 
too long separated from the plant so as to lose their vitality, yield 
fully as striking results. Thus a leaf of the Sun-flower weighing 
31^ grains absorbed in four hours, by its petiole immersed in 
water, 25 grains of that fluid ; the leaf had increased in weight 
only 4^ grains; so that20| grains had disappeared by exhalation. 
—Thus a quantity equal in weight to the leaf itself would have 
been exhaled in about six hours. 

264. Experiments of this last kind may be very easily performed 
by any one who has command of a pair of scales adapted to weigh 
small substances; and it is well that the student should avail 
himself of such opportunities of learning how to '' put Nature to 
the question ** in matters of this simple character, in order to cul- 
tivate habits of accuracy and caution, which are useful in every 
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condition of life. Let him take seyeral leaves of diflerent plants 
— such, for example, as the Vine, Oak, Elm, Beech, Lime, Apple, 
Pear, — weigh them separately, and estimate as nearly as he can 
the comparative surface presented hy each. He would then place 
their footstalks in glasses or hottles of equal size, into which has 
he en poured a certain weight of water, carefully ascertained to be 
the same in each ; and he would place all these in similar drcum- 
stances for a certain time ; having also a corresponding glass with- 
out a leaf, in order to estimate the amount of fluid lost from the 
surface of the water hy evaporation. By ascertaining how much 
had been absorbed by each leaf, and the weight each had gained, he 
would thus be easily enabled to calculate the quantity it must have 
exhaled ; and then, by comparing this with the extent of the sui&ces 
of thediflerent leaves, he would estimate tLe proportional rapidity of 
the process in the various species he had chosen, — care having been 
taken to select, in the first instance, trees in equal stages of growth, 
and leaves of a similar degree of freshness and development. 

265. The watery vapour which is constantly though insensibly 
given off from the skin of animals, is liable to accumulate in 
drops, and to form sensible perspiration, when frcmi any cause it 
exceeds in quantity that which the air can carry away ; either in 
consequence of an increased secretion or separation of it from the 
blood (as when a person exerts himself in warm weather,) or firom 
the atmosphere being already «o loaded with dampness that it 
cannot contain any additional moisture. In the same mamier, 
some plants exhale so rapidly at sunrise, when the heat of the air 
is not sufficient to enable it to carry off the disengaged moisture, 
that the fluid accumulates in drops at the points of the leayes, 
and has been mistaken for dew. This, however, is not the case ; 
since it has been observed on plants under shelter, as well as on thofie 
that are exposed ; and it has been noticed also at other parts of the 
day. A similar accumulation of water in drops has heen obserred 
when plants have been electrified ; by which process the amount 
of exhalation appears, for a time at least, to be considerably in- 
creased. It is perhaps in this manner that an electric state of the 
atmosphere hastens the gro\^ th of some kinds of plants. 
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266. If plants are exposed to a light of too great intensity, 
especially if they possess many stomata, and are not well supplied 
with water, their tissue becomes dried up by the increased exhala- 
tion which then takes place, and which is not sufficiently counter-* 
balanced by absorption, so that their vegetation is materially 
checked, — ^a fact of which we see abundant examples in dry 
sandy soils, and exposed situations. If, on the other hand, the 
leayes are shaded, and the roots fteely supplied with moisture, the 
growth of the plant is active ^d luxuriant, but its tissue is soft 
and altogether destitute of firmness. This, however, is partly due 
to "the imperfect performance of another process shortly to be de- 
scribed as that of digestion. Plants of a very fleshy juicy character, 
termed succulent^ in which there is usually a great deficiency, or 
even entire absence, of stomata, require a considerable amount of 
light to secure for them that regular discharge of moisture which 
they require ; hence when Melons are grown in a fr^me, as many 
leaves as possible should be exposed to the influence of the sun's 
rays, and the accumulation of moisture within should be provided 
against. There are certain succulent plants which, owing to their 
deficiency of stomata may be preserved without moisture for many 
days or even weeks ; and as their cuticle is so thick as to resist 
evaporation, it is often very difficult to kill and dry them for the 
purpose of placing them in collections. Of this kind are the Se- 
dums^ or Stone-crops^ of Britain, which have been known to push 
considerable shoots when placed under pressure ; and many plants 
of tropical climates. 

267. Besides these applications of theory to practice, there are 
many others which will readily arise from the knowledge of the 
diaracter of this function, and of the causes on which it is de- 
pendent. Thus we learn from it that the operation of transplant- 
ing should not be performed in the summer, when the exhalation 
is most active ; since, the roots being always injured in greater or 
less degree, the process of absorption is imperfectly performed, 
and cannot supply the loss by exhalation ; so that the plant is 
dried up. This evil may in some degree be guarded against by 
watering the plant copiously ; but it is much better to make the 
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change either in spring or autumn, when most plants are destitute 
of leaves, and therefore scarcely exhale at all, and when the func- 
tion is performed with much inferior energy in those which 
possess them. 

268. Again, we see the reasonahleness of the practice, which 
has been long known as a useful one, of keeping a nos^ay, the^ 
freshness of which it is desired to preserve, in a dark room; 
since the check thus put to the exhalation which takes place, not 
only from the leaves, but also from the leafy surfaces of flowers, 
prevents the rapid withering which vnll otherwise occur. Even 
the light of lamps and candles is to a certain extent effectual in 
maintaining this function ; so that this is to be avoided where, 
for any particular occasion, flowers which have been picked are to 
be preserved as nearly as possible in their previous blooming 
state. Such a plan, however, would prevent the expansion of 
any buds which the nosegay might include ; since this (both in 
leaf-buds and flower-buds) depends upon the vigour with which the 
the process is performed, and is hastened by light. By artificial light, 
therefore, it may be possible to cause flowers to bloom earlier than 
by any other means ; for it has been observed that the portions of 
a row of trees on which a strong light is cast from gas-lamps, come 
into leaf sooner than the rest. 

269. The water exhaled by plants is very nearly pure ; so that 
what is furnished by different species varies extremely little either 
in taste or odour. It has been remarked, however, that fluid thus 
obtained becomes foul sooner than ordinarv water : and this is 
the case wherever organic matter, even in extremely minute pro- 
portion, is diffused through the fluid. The quantity of solid 
matter contained in 40 ounces of the liquid, exhaled from a vine 
at the commencement of the summer, has been found to be only 
two grains ; and no more than this was contained in 105 ounces 
from the same vine at the conclusion of the summer. Even 
these minute quantities are sufficient to communicate a perceptible 
taint, when separated by their decay into the gases of which they 
are composed, and of which the bulk is very much greater. 
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ABSORPTION OP PLUID BY THE LEAVES. 

270. Although the leaves of the higher plants are, without 
douht, the special organs of exhalation, they also have the power, 
like the leafy surfaces of the lower tribes of plants, of supplying 
fluid nourishment, under peculiar circumstances, when the system 
requires it. It has been already shown that it is only as we 
ascend the scale, that we begin to meet with distinct roots for the 
purpose of absorption ; — the same general surface answering both 
purposes in the simplest tribes. And even where distinct root- 
fibres are developed, they are often closely connected with the 
leafy surface ; these fibres being sent off firom the under side of 
the leafy expansion of the Marchantia, and often from a similar 
part in the separate and delicate leaflets of Mosses. 

271* It is not to be wondered at, then, that the leaves of higher 
plants should be capable of supplying in some degree the func- 
tions of the roots, when these are absent or imperfect, or unable, 
from the nature of the soil which surrounds them, to obtain a 
sufficient supply of fluid nourishment. Not unfirequently the 
roots, where they exist, serve merely to fix the plant, finding their 
way into the crevices of the hard dry soil or • of the barren rock 
on which it grows; and then it must be altogether dependent 
upon the moisture it imbibes through the general surface. In 
such cases the function of exhalation is but feebly performed ; 
and all the processes of growth are proportionably slow. Plants 
of this description flourish best near the sea-shore, where there is 
always a certain amount of moisture in the atmosphere ; and 
especially, too, in tropical regions, where the constant high tem- 
perature increases the evaporation from the surface of the water, 
and at the same time enables the atmosphere to dissolve a greater 
quantity of watery vapour. It is wonderful to see the precipitous 
faces of rocks apparently the most barren, studded here and there 
with plants of the Cactus and Orchis tribes ; the former exciting 
attention by the brilliancy of their blossoms, and the latter by the 
strange shapes they often present. In many of the Cacti growing 
in such situations, the stems contain a considerable amount of 
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fluid, ^hicb, thoagh insipid, is wholesome, and is freely used as a 
cooling drink in fevers, by the natives of the countries in which 
these plants abound. 

272. Man^ of the Orchis tribe (as well as other plants) grow 
entirely in the air ; spreading themselves over the surface of trees, 
from which their roots hang freely down like fringes. Such attain 
tlieir greatest luxuriance in the forests of the tropical parts of 
South America ; and here a constantly moist state of the atmo- 
sphere is maintained by the exhalation of the trees upon which they 
cluster. When grown in hot-houses in this country, they require 
that the atmosphere should be rendered artificially moist as well 
as warm ; and that their roots should be enabled to spread them- 
selves freely through the air, and should not be confined within 
pots. The luxuriance which such plants often exhibit, sufficiently 
proves that the atmosphere contains all the materials, which are 
necessary for the growth even of the highest plants ; and that, if 
the structure is adapted to imbibe them from it, no other kind of 
supply is necessary. 

273. A fact familiar to every one who has bestowed common 
notice on the processes of vegetation, equally proves that the 
leaves as well as the roots are capable of absorption. When 
plants are faded by the intense action of light and heat, and have 
suffered from deficiency of water, they are observed to revive 
rapidly when their surfaces are moistened, even if no fluid have 
been supplied to the roots. More precise experiments lead to the 
same result. It has been found that leaves placed with one of 
their surfaces upon water would remain fresh for several months; 
the absorption through it counterbalancing the transpiration 
through the other. From a considerable number of experiments 
on different kinds (though this, again, is a subject which any one 
may investigate ^vith great ease, and with the certainty of arriving 
at new and interesting results with a very little trouble), it seems 
to be ascertained, that the leaves of trees and shrubs retain their 
verdure longest, when the lower side is placed in contact with 
water ; whilst the leaves of herbaceous plants absorb most readily 
by their upper surface, or in an equal degree by both. Thus, 
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leaves of the White Mulberrj, placed with their upper side in 
water faded on the fifth day ; whilst those which absorbed by th€ 
lower surface remained fresh nearly six months. This effect, 
however, was no doubt due in part to the greater degree of obstruc- 
tion to the loss of fluid by transpiration in the second case than in 
the first; the stomata being principally situated on the lower 
surface. But in experiments on other plants in which they are 
similarly disposed, the contrary result has been observed. Thus, 
leaves of the Nettle, whose inferior surface only was kept moist, 
faded at the end of three weeks ; whilst others whose upper sur- 
face was in contact with water, lived for two months. Lastly, the 
leaves of the Sunflower, Kidney-bean, Cabbage, and many other 
plants were observed to remain fresh for the same length of time, 
by whichever surface they received their supply of fluid. 

274. This arrangement is admirably adSa.pted for obtaining the 
greatest supply of the moisture contained in the lowest layer of 
the atmosphere ; for when, by the cooling of the earth's surface 
which takes place on a clear night, this moisture falls in the form 
of dew, it will manifestly be received on the upper sides of the 
leaves of plants which are but little raised above the ground ; 
whilst, on the other hand, the leaves of more elevated trees would 
not benefit by this deposition, being situated above its influence ; 
and these would receive and imbibe the vapour as it afterwards 
rises from the surface of the moistened earth. We thus learn 
that, if it be desired to revive drooping or sickly plants or trees 
by the application of moisture, the mode in which it should be 
distributed over them will depend upon their size; if they be 
herbaceous plants, they should be watered from above ; and if 
they be tall shrubs or trees, the water should be thrown up by a 
Sjrringe from below. 

275. The absorbing power of leaves has been shown by other 
satisfactory experiments. Some plants of Mercurialis (Mercury) 
were placed in water, some of them being immersed by their 
roots, and the others touching it by a part of their leaves alone, 
a small shoot of each being kept out, for the purpose of com- 
parison with the rest. After five or six weeks, the shoots of the 
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plants which were nourished by the leaves differed little in yigour 
from those which had been supplied by the roots. Experiments 
upon single leaves, which have already partially ^^Led, are still 
more striking. Some leaves of Potamogeton natans (Pond- weed), 
after being wiped dry, were weighed ; and after remaining out of 
the water for two hours, they were found to have lost from 3i to 
5i grains each. They were then put in water, and after the lapse 
of two hours more, were again wiped dry and weighed. It was 
then found that they had severally gained from 3 to 5 grains 
each ; and this increase (which was also evident from the restora- 
tion of their natural freshness and plumpness) could only have 
taken place by absorptioif through the cuticle, as the cut ends of 
their footstalks were defended by soft cement 

276. Other experiments show the remarkable influence of dew 
in suppl3dng nourishment to plants. Two similar leaves of the 
Plantoffo lanceolata (Ribwort Plantain), equally faded, and each 
weighing 8 grains, were compared ; one having its footstalk im- 
mersed in water, and the other being exposed to dew. They both 
weighed 8 grains previously ; and on the following morning the 
first had gained but one grain, whilst the second (after the ad- 
herent moisture was wiped off) was found to have gained a grain 
and a half. A similar experiment was then tried upon two leaves 
of Verbascum (Mullein), each of which weighed 13 grains in the 
first instance. The one whose footstalk was immersed in water 
gained 2^ grains ; whilst the other gained 4 grains. Many other 
experiments of a similar kind might be related; but these are 
sufficient to show that leaves whose tissue has been deprived of 
fluid, have the power of replacing it by absorption from water placed 
in contact with them, or from a moist atmosphere. This power is 
probably exercised, however, in the majority of plants, only when 
their roots cannot from any cause obtain for them an adequate 
supply ; and at other times the leaves are organs of exhalation 
only. 

277« The influence of dew and of a moist atmosphere in main- 
taining vegetation is often very remarkable in tropical islands, 
where no rain falls for months together, and where the soil is so 
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parclied by the burning sun as scarcely to yield a particle of fluid 
to the plants growing upon it. The proximity of the sea occasions 
the atmosphere of these islands to contain a large quantity of va- 
pour, which, when the temperature of the soil falls at night, is de- 
posited as an abundant dew ; and, in consequence, they exhibit 
a luxuriant regetation under circumstances which would cause an 
inland country to appear completely parched. In the present year 
(1840) the preservation of the young com during the hot and dry 
month of April, in many parts of England, was owing to the heavy 
dews. In consequence of the wetness of the preceding autumn and 
winter, very little grain had been put into the ground before Febru- 
ary ; and, as there was little rain from that time, the sur&ce of the 
ground was not sufficiently moist to cause the rapid germination 
and growth of the yoimg plants. Towards the middle of April the 
sun began to shine with great power ; and as no rain fell, it was 
much feared that the young plants, not having length enough of 
root to penetrate deep into the soil, would be starved for want of 
nourishment. This was supplied to them, however, in two ways ; 
— ^partly by the dews, which, in consequence of the clearness of the 
nights, were heavy ; and partly by the action of the powerful sun 
upon the deeper part of the soil, which had been drenched (as it 
were) with moisture by the rain of the preceding autumn, so that 
when it became heated, it sent up a large quantity of vapour, 
which was probably absorbed both by roots and leaves. 

278. This absorption of fluid by the leaves appears to take 
place chiefly through the membrane of the cuticle, but more par- 
ticularly by the downy hairs, which seem to act as sO many root- 
fibres. Thej are chiefly developed, as already stated, upon plants 
which grow in situations in which they are much exposed to light, 
and to a dry atmosphere ; whilst the same species in damp shady 
situations will not form any. It has been noticed that they lift up 
their points and separate from one another at the approach of the 
evening dew, which collects in minute points around them ; and 
that they fall down again and form a layer of minute cavities on 
the cuticle, as soon as the heat of the sun begins to be perceived. 
On comparing the increase in weight when exposed to dew, in 
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plants thickly furnished with hairs and possessing few or no sto- 
inata, with that manifested hy plants haying a smooth surface and 
many stomata, it is seen that the former is much the greatest ; and 
that it also surpasses in about the same proportion the weight 
gained by immersing the footstalk in water. Thus two heads of 
Marruhium vulgare (Common Horehound), the original weight of 
which was 15 grains each, were placed, one with its stalk in the 
water, and the other in a place exposed to dew, for a night ; the 
first was found to have gained 2 grains, and the second 5 grains. 
Both were exposed to dew during the next night ; and on the fol- 
lowing morning they each weighed 23 grains, having both gained 
8 grains, of which the first had acquired 6 in that night. A 
withered stem of Ceraatium alpinum (Alpine Chickweed) weigh- 
ing 5 grains, gained 6 grains by exposure to dew for two 
nights. 



ON RESPIRATION. 

279. The concentration of the crude sap by the loss of its 
superfluous fluid, and the occasional absorption of what maybe 
necessary to supply the amount insufficiently afibrded by the roots, 
are by no means the only functions of the leaves ; nor can they be 
regarded as the most important. These organs supply also the 
means of getting rid of a certain superfluous product, to retain 
which within the system (at least in the form in which it is set 
free) would be injurious and even destructive ; and they serve 
the equally important purpose of introducing, from the air, the 
element which chiefly gives firmness and solidity to the v^etable 
tissue. 

280. It is well known that, when an animal is confined in a 
limited quantity of air, it soon vitiates it, or renders it imwhole- 
some ; so that free ventilation, by which the foul air is replaced by 
that which, is fresh, is one of the most important means of the pre- 
servation of health. Now this change in the air is eflected by the 
removal of its oxygen, which is the element that chiefly supports 
the life of all beings ; and by the substitution of carbonic acid gas set 
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free from the lungs of the animal. Thus the blood is purified by 
the removal of a noxious ingredient, and rendered more capable of 
maintaining the life of the system by receiving one of the opposite 
character ; and this change is manifested in its aspect as well as in 
its properties, — the dark purple blood of the veins being converted, 
by exposure to the action of the air in the lungs, into the bright 
scarlet fluid of the arteries. 

281. If the carbonic acid, which the blood takes up in its pas- 
sage through the vessels of the body, be not set free in this maimer, 
in consequence of any obstruction to the admission of air into the 
lungs, or other similar cause, the animal dies. The throwing-off 
this superfluous ingredient is, indeed, one of the most constant of 
all the processes of the animal economy ; and there is good reason 
that it should be so, since it is set at liberty by the continual de- 
cay to which all parts of the living body are more or less subject 
(the softer ones, however, much more rapidly than the hard ones), 
and which is only prevented from becoming manifest, by the mode 
in which the decomposed particles are thus separated and carried 
out of the system, their places being supplied by others newly de- 
posited from the nutritious fluid. 

282. Now this process of Respiration is as constant and uni- 
versal in the Vegetable Kingdom as it is in the Animal ; and it is 
only because a change apparently of a contrary nature sometimes 
obscures its eflects, that it is not generally recognized. In fact, a 
healthy plant placed in a limited quantity of air, and exposed to 
the usual amount of daylight, will, (so long, at leasf, as it remains 
healthy), add to its purity and will even restore the freshness ef 
that which has been vitiated by an animal. But it is not the 
less true that there is a constant extrication of carbonic acid ; for 
this may be very easily proved to take place, even while carbon 4s 
being absorbed. If, for instance, a few small healthy plants be 
placed under a glass vessel from which all carbonic acid has been 
previously removed, and allowed to remain there even in sunlight 
for a few hours, they will be found to have set free a small portion 
of carbonic acid, which may be detected by shaking the air con- 
tained in the vessel with some lime-water , which it will render 
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turbid. When the same experiment is tried in the shade, or by 
night, the quantity of carbonic acid found in the air is considera- 
bly greater. 

283. There are two periods during the life of a plant when this 
liberation of carbonic acid gas goes on with great energy. One is 
in the germination of the seed ; and here we can distinctly trace 
the object which is gained by the abstraction of the oxygen from 
the surrounding air, and by the conversion of it into this gas so 
opposite in its properties. In the seed when approaching maturity, 
a considerable quantity of starchy matter is laid up for the nourish- 
ment of the embryo ; and this may remain unaltered for a long 
series of years, if the seed be not placed in those conditions which 
excite it to grow. But if it be exposed to warmth, moisture, and 
air (or any mixture of gases containing oxygen) it will sprout or 
germinate. In this process the starch, which (while it remains 
such) is unfit for the nourishment of the embryo that is being 
developed, is converted into sugar, which forms an appropriate 
food for it. Had sugar been deposited in the first instance, it 
would have probably undergone fermentation, and would have 
thus lost its utility, before the time came for its office to be 
performed; but the deposition of Starchy which can remain 
unchanged for almost any length of time, and which can at any 
time be converted into sugar, secures these objects in the most 
effectual manner. Starch differs but little from sugar in chemical 
composition, except in containing one additional proportion of 
carbon. When germination commences, oxygen is absorbed by 
the seed, in the substance of which it combines with the carbon 
that is to be set free from it ; and a large quantity of carbonic acid 
is then given forth again to the air, whilst, in the same propor- 
tion, the starch is converted into sugar. 

284. It is in this manner that the nearly tasteless barley is 
changed into sweet malt ; and the change in the air around ex- 
hibits to us the frmction of respiration in its least complex form. 
Darkness favours it ; since, as will presently be shown, a change 
of contrary character is favoured by light. It is an interesting 
fact that, after many trials, germination has been found to take 
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place most readily in an atmosphere consisting of 1 part oxygen, 
and 3 parts nitrogen ; which is nearly the proportion of these in- 
gredients in the air we breathe. If the quantity of oxygen is 
much increased, the seed loses its carbon too rapidly, and the 
young plant is feeble ; and if the proportion is too small, carbon 
is not lost in sufficient amount, and the young plant is scarcely 
capable of being roused into life. 

285. The changes which take place in flowering are very 
similar to those occurring in germination. At the bottom of the 
flower is usually a fleshy expanded body, into which its different 
parts are inserted ; this is called the disk or receptacle. Here, 
too, there seems to be a sort of reservoir of starchy matter for the 
nourishment of the newly-produced germs ; which is converted, as 
in the other case, into sugar. A part of this is probably absorbed 
into the interior ; but the superfluous portion flows off in the form 
of honey. During the conversion of the starch into sugar, a large 
quantity of carbonic acid is substituted for the oxygen, which is 
absorbed ; . and this appears to be principally effected by the in- 
terior organs of the flower. It has been found that an Arum- 
flower, whilst in bud, consumed in twenty-four hours 5 or 6 times 
its bulk of oxygen ; during the expansion of the flower, 30 times ; 
and during its withering, 5 times. When the outer leafy parts 
of the flower were removed, it was found that the oxygen con- 
sumed by the interior organs was much greater in proportion. In 
one instance, the stamens and pistil of an Arum consumed in 
twenty-four hours 132 times their bulk of oxygen. It has also 
been observed that double flowers, in which these internal organs 
are replaced by leafy parts, vitiate the air much less than the 
single flowers in which the former are perfect. 

286. The process of Respiration, then, in plants as in animals, 
appears essential to the life and health of the system ; and, though 
more energetic at some periods than at others, it is constantly 
performed. If a plant be surrounded by an atmosphere already 
vitiated, and be secluded from the influence of light, its respira- 
tion will be (like that of an animal in similar circumstances) so 
much impeded, that its speedy death will follow. But a very 
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different result occurs if it be exposed to strong or even moderate 
daylight. The carbonic acid of the air will be decomposed by 
the g^-een parts of the surface of the plant, and the solid carbon 
will be fixed within its tissues, while the oxygen will be set free, 
so as to restore the purity of the air. It is in the performance of 
this function that the leaves, from the extent of the green sur&ce 
they present, are peculiarly energetic; for in that of respiration 
they only share with all the rest of the softer portions of the ex- 
terior ; and in fact the dark sur&ces seem to have more to do in 
it than the light. 

287- Now this fixaXion of carbon, as it is termed, which 
antagonizes so remarkably the effects of the process of respiratioii, 
may be regarded as in some degree analogous to the fiinction of 
digestion in animals. In the solid food of all animals, whether 
it be of an animal or yegetable character, carbon is one of the 
principal ingredients; and yegetables also require this, for the 
formation of their solid tissues. The proportion which they take 
in by the roots is but small ; and what they require in addition is 
obtained in this manner from the atmosphere, as they possess no 
stomachs by which it may be introduced in a solid form into 
the system. It is, then, chiefly of the water absorbed by the 
roots, and the carbon thus taken in by the leaves, that the ela- 
borated sap or nutritious juice of the plant consists ; and the con- 
stant liberation of carbonic acid from the general surface, in 
which the process of respiration consists, appears more necessary 
to preserve the healthfulness of the general system, by carrying-off 
what is in a state of commencing decay, than to change the 
character of this juice. 

288. The proportion of carbonic acid in which a healthy plant 
will thrive under the influence of strong sun-light, is not less 
than 7 or 8 per cent : but a much smaller proportion than this 
would soon be fatal to it if grown in the shade. It is to a pecu- 
liar compound formed in the cells of the green surfaces, of which 
the carbon introduced from the air is an essential ingredient, that 
the colour is due ; and as this fixation can only take place under 
the influence of sun-light, (artificial light, even the most powerful, 
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baying no inflaence on it,) plants which grow in dark situations 
are either in part or entirely destitute of colour. They are then 
said to be etiolated or blanched ; and the effect is purposely pro- 
duced in many instances. If the absorption of carbon from the 
atmosphere is checked, the fluids have a much more watery 
character, and do not contain their peculiar principles in nearly so 
much abundance. Hence many plants, which are rank to the 
taste and stringy in consistence, when growing in their natural 
conditions, may be rendered much more palatable by being 
blanched, — ^neither the peculiar secretions to which the rankness 
is due, nor the woody fibres which occasion its toughness, being 
then formed in the same degree. Thus it is that Celery, Sea-kale, 
and many other vegetables are blanched, — earth being heaped 
over their young shoots, so as to keep them from the light. As 
exhalation will also be checked by the same process, the tissue 
becomes distended with fluid, and acquires that succulence or 
juiciness which is so much valued in such vegetables. 

289. But though the btdk of plants which are undergoing 
this treatment, may considerably increase, yet the weight of their 
solid contents diminishes ; for during the whole period respiration 
is going on ; and, as there is thus a constant loss of carbon, whilst 
little or none is introduced, it follows that, if the tissues were 
dried by heat, they would shrink to less than their former amount. 
This is found to be the case ; and it is also true of a seed in the 
process of sprouting or germinating, which constantly diminishes 
in the weight of its solid contents, up to the time when some of 
the new-formed leafy surfaces become green, and begin to absorb 
carbon fix>m the atmosphere. 

290. At this period of the growth of the young plant, it may 
be regarded as having a curious analogy with the tribe of Fungi. 
Both are supplied with nutriment already organized ; for whilst 
the one has it previously stored up by its parent, the other receives 
it from the decomposing matter upon which alone it can grow. 
Both are developed most rapidly and luxuriantly in the absence of 
light, if well supplied at the same time with warmth and moisture. 
And the Fungi, like the germinating seed, give out a large 

N 
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qoantity of carbonic acid to the atmosphere, without receiying any 
carbon from it ; since the peculiar character of the aliment they 
imbibe by their roots renders any additional supply of this in- 
gredient unnecessary. In the Fungi, therefore, we hare the 
process of respiration as distinct and easily understood as in 
animals, — both classes of beings subcdsting upon food aheady 
organised, in which there is a laige pn^rtion of carbon ; and it 
is a little curious that the tissue of the Fungi should approach 
more neariy in chemical character to that of animal flesh tiian 
does any other regetable substance; so that, for those whose 
digestive powers are equal to them. Mushrooms constitute an 
extremely nutritious food. 

291. The process of ^^es^ton is confined, as before stated, to 
the leaves and those green surfaces of plants which correspond 
with them in function ; but that of respircUicm^ although performed 
by the leaves more energetically than by any other part (at least 
during the ordinary processes of growth), is not restricted to them, 
but is partially effected by the other surfaces, and even by the 
roots. The knowledge of this &ct is important ; since, through 
ignorance of it, much valuable timber has been destroyed. Several 
years ago, during alterations in Hyde Park, a ccmaderable depth 
of soil was added to a part of it in which grew some fine elm-trees; 
the trunks of these were protected from pressure by circular walls 
built at a little distance from them ; nevertheless, the trees lan- 
guished and died. Now the reason of this was simply, that the 
roots, being covered with too great a depth of earth, could not 
exercise their usual function of respiration ; to peifoim which, they 
seem generally to direct their course as near the surface of the 
ground, as is consistent with the support they have to afford to the 
plant. 

292. Much discus^on has taken place upon the question 
whether or not vegetation is upon the whole serviceable in purify- 
ing the air ; — that is, whether plants do altogether give out most 
carbonic acid or most oxygen to the atmosphere. By Priestley it 
was maintained that the latter was the onlf/ effect of vegetation; 
and that plants and animals are thus constantly effecting changies 
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in the atmosphere which counterhalance one another. Subsequent 
experiments seemed to show, however, that the carbonic acid 
given out during the night might equal or even exceed in amount 
the oxygen given out by day ; but this was probably due to the 
employment of plants which had become imhealthy by being kept 
in a limited quantity of air, and which had not been exposed to a 
feir degree of light For it has been recently shown by Dr. Dau- 
beny of Oxford, that in fine weather a plant consisting chiefly of 
leaves and stems, if confined in a capacious vessel, and duly sup- 
plied with carbonic acid during sunshine, as fiust as it removes it, 
will go on adding to the proportion of oxygen present so long as it 
continues healthy ; — the slight diminution of oxygen and increase 
of carbonic acid, which take place during the night, bearing no 
considerable proportion to the degree in which the contrary effect 
occurs by day, 

293. Thus we see that '^ the two great organized kingdoms of 
nature are made to co-operate in the execution of the same design ; 
each ministering to the other, and preserving that due balance in 
the constitution of the atmosphere, which adapts it to the welfare 
and activity of every order of beings, and which would soon be de- 
stroyed, were the operations of any one of them to be suspended. 
It is impossible to contemplate so special an adjustment of oppo- 
site effects, without admiring this beautiful dispensation of Provi- 
dence : extending over so vast a scale of being, and demonstrating 
the unity of plan upon which the whole system of organized cre- 
ation has been devised." 

294. And yet man, in his ignorance, and his thirst for worldly 
.gain, has done his utmost to destroy this beautiful and harmonious 
plan. It was evidently the intention of the Creator that Animal 
and Vegetable life should everywhere exist together ; so that the 
baneful influence which the former is constantly exercising upon 
the air whose purity is so essential to its maintenance, should be 
counteracted by the latter. Nothing is more prejudicial, therefore, 
to the health of a large population, than the close packing which too 
many of our cities exhibit ; hundreds of thousands of men, with 
manufactories of all kinds, the smoke and vapours of which are 
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still more iDJurious than the foul air produced hy his own respira- 
tion, heing crowded together in the smallest possible compass, with 
scarcely the intervention of an open space on which the light and 
air of heaven may freely play, and without any opportunity for the 
growth of any kind of vegetation sufficiently luxuriant to give 
pleasure to the eye, or sufficiently energetic to answer its natural 
purpose. For the close confined air of towns is almost as injurious 
to plants as to animals ; the smoke which is constantly hovering 
above them, prevents their enjoyment of the clear bright sumdune 
which they require for their health ; and the fine dust, that is so 
constantly floating in the atmosphere, covers over their sur&ces, 
and clogs up their pores. 

295. Hence the low stunted dingy vegetation, which the sqoaies 
and open spaces of some of our large tovms exhibit, is of little ser- 
vice ; but extensive areas fit for the growth of lofty trees, are so 
beneficial in such situations, that they have been called the lungi 
of large cities, — so important is the purification of the air which 
they effect. It is true that they may occasion some degree of 
dampness in the immediate neighbourhood ; but this evil is much 
more than counterbalanced by the good they effect ; so that the 
cutting down of a tree in the midst of a large town, without some 
very strong reason, should be regarded as an offbnce not eaffllj to 

be atoned for. It is much to be wished that the law of the land 

* 

required such an open space to be set apart, whenever the popu- 
lation of an extending town or district increases beyond a certain 
amount. 

296. There is good reason to believe that ConfervsB and other 
aquatic plants exercise a similarly important influence, in keep- 
ing the water they inhabit in a state fit for the support of animal 
life ; since it appears probable that they absorb the products of the 
-decomposition of that foul matter, by which all ponds and streams 
are constantly being polluted, and at the same time yield a supply 
of oxygen to the water. It is a fact well known that fishes are 
never so healthy in reservoirs destitute of aquatic plants, as in 
those in which they abound. The lower Cryptogamia appear to 
flourish better than higher plants would do, when supplied with a 
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large quantity of carbonic acid, whilst the amount of light they 
receive is but moderate. In the lake Solfatara in Italy are sereral 
floating islands, consisting chiefly of Conferrse and other cel- 
lular plants; which are copiously supplied with nutriment by 
the carbonic acid, that is constantly escaping from the bottom 
of the lake, with a violence which makes the water appear as if 
boiling* 

297* Under £Eky curable circumstances, too, the highest plants are 
able to continue appropriating a larger proportion of carbon than that 
commonly existing in the air. The vegetation around the springs 
in the valley of Gottingen, which abound in carbonic acid, is very 
rich and luxuriant; appearing several weeks earlier in spring, 
and continuing much later in autumn, than at other spots- of the 
same district. But it is probable that, taking the average of the 
whole globe and of all seasons, the quantity of carbonic acid com- 
monly existing in the air, is that which is most adapted to maintain 
the life of the race of plants at present inhabiting its surface, as 
well as to interfere as little as possible with the well-being of the 
animal creation. 

298. It is not improbable, ho wever,that, in former epochs of the 
earth's history, a much larger amount of carbonic acid existed in 
the almosphere. At the time of the existence of those vast pine- 
forests, which, in their decomposed state, supply us with such an 
eaormous amount of that most valuable article of England's 
wealth — coal — an article more really valuable to her than the 
mines of Peru, — scarcely any land animals seem to have existed ; 
and these were of kinds which are now found to be capable of breath- 
ing a comparatively impure air. The great luxuriance of these fo- 
rests, as indicated by the vast amount of their remains, and by more 
perfect specimens which have been preserved to us, has led to 
the opinion that, at the period of their growth, more carbonic 
acid existed in the atmosphere than at present ; and that, in fact, 
it has from that time been gradually undergoing purification by 
the processes of vegetable growth ; and has at last become fit for 
the residence of the higher animals. 
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RETURN OF THE ELABORATED SAP. 

299. The crude sap is brought into the leaves by the vessels 
which are connected with the woody portion of the stem ; and these 
branch out and subdivide in the veins, so as speedily to distribute 
the fluid over the whole surface. After undergoing the various 
changes now described, it is collected again by a system of vesseh 
which lie nearer the lower surface, and which communicate with 
the bark. These are principally of the kind formerly described as 
vessels of the latex ; and through these the descending sap, now 
completely changed in its properties is returned to the stem. This 
fluid contains the materiab of all the products of the vegetable 
system; — ^the elements of the organized tissues, the secretions 
which give solidity and toughness to the wood, those which occa- 
sion the delicious odours that so abound among plants, and those 
which supply so many useful and important products with which 
the comfort and luxury of man are largely connected. All these 
are entirely dependent on the action of the leaves ; and the 
action of the leaves is dependent upon the supply of that amount 
of light and heat, but especially the former, which each species of 
plant requires. 

300. It not imfrequently happens that a plant will ^ow under 
a considerable change of circumstances ; but will not form its 
peculiar products in anything like the same perfection as in its 
natural condition. Thus, Tobacco may be raised in this countiy, 
but it is far inferior to that of warmer and more sunny climes ; as is 
also the scent of the Rose, which does not here furnish enough of 
the v^ry fragrant oil termed Otto of Roses, to make it worth while 
to cultivate the plant for this purpose, although the oil is imported 
from the East at an enormous price. On the other hand, the 
common Lavender is more fragrant in this country than in the 
South of Europe. In general, plants grown in warmer climates, 
where the sky is less clouded, form secretions more active in 
every respect than those of temperate regions ; — substances, for 
example, which are more powerful as medicines, or which hare 
stronger and brighter colours, such as make them useful as dyes« 




DEVELOPMENT AND DEATH OF LEAVES. 

301 When leaves are first produced, 
they are small, very delicate in texture, pale in 
colour, and packed very cIosdIj together, 
forming what is eaUed a leaf-bud. Some of 
the outer ones are of firmer texture and 
darker colour, and fold over each other like 
the tiles on the roof of a house, so as to pro- 
tect the soft and delicate organs within. 
These are commonly termed lealet, heing 
often very different from the true leaves in 
aspect but there is no real distinction be- 
tfreen them; for, on opening the bud, it is 
easily seen that their inner layers gradually 
approach the true leaves, in appearance as 
Fig. 44. Leaf-badB well Bs in structure, tind at last pass almost 
^ '?f'^^\5=h": imperceptibly into them. The young leaves 
ment of Imtbi, jntt are most beautifully folded together, in such a 

•boye which bads ftre , .. i V i i 

atom;! dereloped. manner as to occupy the least possible space; 

and the peculiar mode in which this is done varies in different 
bribes of plants. Any one may examine it with the certainty of 
finding what will greatly interest him, by cutting across the leaf- 
bnds with a sharp knife, when they are swelling, but before they 
have hc^nn to expand. The suter scales are sometimes covered 
frith a thick down, which may serve as a protection to them against 
tiie cold ; nnd sometimes they are coated over with a gluey sub- 
stance, as in the horse-chesnut, which seems a very efficient 

302. The young leaves in most leaf-buds may be easily ob- 
served to be arranged around a common centre or axis. When 
the bud lengthens, the insertions of the leaves, which were at 
first close together, are separated by the lengthening of the branch 
which bears them ; and they then generally assume something of 
s spiral or rather a eork-^erew-like arrangement round it, which is 
oft«n Tery apparent. In fact this may be r^;arded as the regular 
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mode in which leaves are arranged upon any part of the stem or 
branches of a tree. Starting from any one leaf, we shall generally 
find the next leaf not exactly above or below that one, but a little 
to one side of the peipendicular ; the next a little to one side of 
that ; — and so on, until we come directly over the <me from which 
we set off. We shall have thus made a spiral round the stem ; 
and the number of leaves we meet with in its course varies in 
different species of plants. Sometimes it amounts to twenty 
or more. Sometimes we only find two ; in this case eaqh leaf is 
nearly on the opposite side of the stem from the other, but higher 
up or lower down. Leaves are then said to be alternate. The 
point of the stem from which a leaf originates is called a Twde; 
and the space between two nodes is celled an intemode, 

303. Now although it may be considered as the regtdar kind 
of growth, for a branch to lengthen equally throughout, yet we 
not unfrequently meet with varieties in the arrangement of leaves, 
occasioned by the cessation of growth at particular points. Thus, 
if the intemode between any two alternate leaves is not developed, 
the leaves will be opposite to each other. Again, where each 
spiral turn contains several leaves, i( aU the interhodes between 
the highest and lowest be undeveloped, these leaves will arise 
from the same point of the branch, still growing, however, in 
their proper directions ; so that a complete circle of leaves, re- 
sembling that of the leafy parts of a regular flower, will be pro- 
duced ; this is called a whorl or verticil. There are some plants 
which exhibit the true spiral arrangement, as their regular mode 
of growth ; others in which we constantly find the leaves oppo- 
site ; and in some they are always verticillate. 

304. But there are many species which present differences in 
the arrangement of the various parts in the same individual, 
according to the circumstances under which each part has been 
developed ; and it is by such examples that we are able to discan 
the connection between the several modes of growth. Thus, in 
the Rhododendron^ we find the leaves sometimes opposite, some- 
times alternate. In the Honeysuckle^ the leaves are naturally 
verticillate ; hut the whorls are broken up, and the leaves carried 
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to a distance from one another, by anything, which causes an in- 
creased development of the stem, just as when any leaf-bud 
(which has the young leaves arranged in a series of whorls, one 
above or within another) is elongated into a branch. On the 
other hand, in the Strawberry^ the leaves which are usually 
alternate, become opposite or whorled at intervals. It is to be 
remarked that, when leaves are opposite, the- several pmrs are not 
in a line with one another above and below ; but each is at right 
angles to the next ; so that, if the intemode between two pairs 
were undeveloped, a whorl of four leaves would be produced. 
Again, when one whorl is developed near another, their leaves do 
not issue from corresponding points in the stem, but are arranged 
in such a manner that the leaves of one arise from what seem to 
be the intervals of those of the other, so that the whorls are 
aiternate to each other. The knowledge of this fact will be seen 
to be important, when the structure of the flower is described ; as 
it will then be shown that its several parts are arranged upon the 
same princi|>le with leaves. 

305. It is by the development of leaf-buds into branches 
bearing leaves, and capable of producing flowers and fruit, that 
the tree or plant is increased in size, The leaf-bud has also the 
power of developing roots, if removed from the parent, and may 
thus form a completely independent structure. It is by separating 
the buds, and by placing these in circumstances favourable to 
their growth, that any particular variety of plant may be pro- 
pagated more certainly than by seeds. As every bud is thus 
capable of maintaining an independent existence, it may be regard- 
ed as in some degree a distinct individual ; and thus a tree would 
not be one being, but a collection of many. This is in part true ; 
still it must be remembered that, while all remaining upon one 
stem, they are almost entirely dependent upon it for nourishment, 
and are all liable to be influenced in the same manner, by any 
circumstances which aflect it. 

306. Still it is quite possible for some buds to live while others 
die. Thus if arsenic be introduced into any portion of the sap- 
wood, it will give such a poisonous character to the fluid, that all 
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the buds and branches in the line above it will be killed, the others 
remaining unaiFected. It has even occurred that a single bud at 
the summit of a stem has presenred its life, whilst the vitality of 
all the others, and of the stem has been in some manner destroyed ; 
and that from this bud have been sent down bundles of root-fibres, 
between the bark and wood of the dead stem, which, when they 
have reached the ground, afforded abundant supplies of nutriment 
to the expanding bud ; and this has subsequently grown into a 
perfect tree, enclosing the original dead stem within its trunk. 
The original root-fibres are, in such a case, surrounded in the 
ensuing year by another layer more resembling wood, and this in 
the next season by another ; so that this portion of the structure, 
like the aerial roots of the Pandanus, may be regarded in the 
light either of stem or roots. 

307* Leaf-buds are always formed from the cellular portion 
of the stem or branches, on which the function of extending the 
growth of the individual seems especially imposed. They may 
be distinctly traced, in young branches, to the pith ; and where 
this has dried up, they may be seen to arise from the medullary 
rays. Sometimes they are stunted in their growth, and instead of 
being developed into branches, they remain as thorns ; which are 
neither more nor less than short pointed branches, containing 
much dense woody structure (by which they are rendered ex- 
tremely strong), and being destitute of leaves. Anv one may 
satisfy himself of this, by looking at the common Black-thorn, in 
which many intermediate conditions may be seen. Now uhder 
cultivation these undeveloped buds may be caused to become fertile 
branches ; and this is another of the modes in which, in LinnsBUs's 
phrase, ** wild fruits" may be "tamed." (§ 236.). There are no 
thorns stronger than those of the Acacia tribe, which are some- 
times 5 or 6 inches long, formed with great regularity, and strong 
in proportion. The plants which bear them are of%en encouraged 
to grow in the East, for the purpose of forming hedges wldch 
serve most effectually to keep out intruders, unless these are 
covered with some almost impenetrable envelope. 

308, The influence of light upon the green colour of the 
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leaves is remarkably shown, when the buds are unfolding. The 
stronger the sunshine, the sooner will they assume their 
characteristic hue ; and, on the other hand, in dark dull weather 
they will remain for days together almost of the same colour as 
before they expanded. The following is an example of this fact 
more remarkable than is ever seen in this country. ^' It frequently 
happens in America that clouds and rain obscure the atmosphere 
for several days together ; and that during this time the buds of 
entire forests expand themselves into leaves. These leaves assume 
a pallid hue until the sun appears ; when, within the short period 
of six hours of a clear sky and bright sunshine, their colour is 
changed to a beautiful green." One writer mentions a forest on 
which the sun had not shone for twenty days. ^^ The leaves during 
this period were expanded to their full size, but were almost white* 
One forenoon, the sun began to shine in full brightness ; the colour 
of the forest absolutely changed so fast that we could perceive its 
progress. By the middle of the afternoon, the whole of this ex- 
tensive forest, many mUes in length, presented its usual summer 
dress." 

309. The influence of light is also shown in modifying the 
direction of the stem. Where a plant sends forth a single stem 
or shoot, it will always direct itself towards the light ; and this is 
especially manifested where the light comes in only one direction, 
as when a Potatoe, which has begun to grow in a cellar, sends a 
shoot of several feet in length towards any aperture through 
which even a small quantity of Hght finds admission. The 
reason obviously is, that, in consequence of the loss of fluid from 
the tissue of the stem, on the side on which the light falls, it is 
contracted, whilst that of the other side remains turgid with fluid ; 
the stem makes a bend, therefore, until its growing point becomes 
opposite to the light, and then increases in that direction. Should 
any obstacle divert it, the same cause will bring it back. 

310. The direction of the branches of trees growing in open 
spaces is less influenced by light ; since the rays of the sun exert 
a much inferior power in this respect, when they are reflected 
from clouds and other objects, so as to form what is commonly 
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termed ^^ diffused daylight/' It is a curious &ct, however, thai 
there seems a tendency in almost every growing tree to send itn 
principal trunk directly upwards. Experiments have heen made 
for the purpose of changing this. For instance, the stem has 
heen hent much out of the perpendicular hy means of a rope tied 
round its summit, and has heen kept so for a long period. The 
plant would then push up that one of the sidenshoots which U 
most nearly in the line of the trunk ; and this, increasing in 
length and diameter in successive years, will gradually present 
more and more the appearance of a continuation of the lower 
part of the stem, whilst that which was hent down presents the 
aspect of a hranch. 

311. The same means is adopted to repair a natural injury. 
Thus, the upper half of a large elm tree, which had a long straight 
trunk, the lower half being without hranches, was broken off by a 
violent gust of wind. From the complete absence of leaver in the 
trunk that remained, it was not expected to survive ; but, being 
in full sap at the time, the abundant nourishment it contained oc- 
casioned the development of buds which were previously inactive, 
and a great number of small branches soon issued from the stump. 
Of these, the upper ones have grown most rapidly ; and the two 
highest which were at first nearly horizontal, have gradually 
changed their direction, so as to follow the line of the upright 
stem ; and it now appears as if the trunk had originally divided, 
at that point, into two minor ones, — so completely has all appear- 
ance of the accident been lost. 

312. The leaves of all plants have a very Hmited term of exist- 
ence. In temperate climates most trees shed them during the 
autumn, and pass the winter in a state of complete inactirity. 
Before they fall off, the leaves usually change colour, — sometimes 
very decidedly, as does the Beech ; and it has been ascertained 
that at this period they absorb more oxygen, and give out more 
carbonic acid, which indicates their commencing decay. This ab- 
sorption of oxygen has been shown by experiment to be the 
immediate cause of the change of colour ; since the green matter 
of leaves, when acted on by substances which readily yield oxygen, 
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18 found to exhibit it. The separation of the leaf from the stem 
is probably due to several caus^. Daring the latter part of the 
summer, some of the vessels become choked up with solid matter, 
and those which proceed from the interior of the trunk are over- 
strained by the addition to its diameter which has taken place, so 
that tiiey are easily ruptured. The tissues of the leaf itself, too, are 
gradually dried up ; and the whole structure loses its vitality, and 
is cast off as a dead part is from the body of an animal. 

313. Trees and shrubs which are spoken of as evergreens, do 
not really retain their leaves for more than a year ; but they are 
not cast off until a new crop appears, and the exchange does not 
take place suddenly but gradually, so that the aspect of the tree 
never undergoes much alteration. In evergreens, the functions of 
the leaves are carried on, though with great langour, during win- 
ter ; but at other parts of the year they are less active than those 
of the species which lose their leaves in autumn. There are some 
trees of tropical climates which completely lose their leaves two or 
three times in every year, appearing as bare as in winter; and 
these are speedily replaced by a new crop. It is probable (though 
it has not been certainly ascertained) that in such trees, a new 
woody layer would be formed by every crop of leaves. In very hot 
and dry summers of this country, trees have been completely 
stripped of their foliage early in July, and have had strength to 
put forth a new and apparently vigorous crop of leaves. Such an 
effort, however, appears very exhausting to the tree, which is 
seldom so vigorous the next year. 



314. The &uots stated in this chapter respecting the influence 
of Vegetation on the surrounding air, are very interesting in con- 
nection with a plan which has recently been practised with m^ch 
advantage, of growing plants under glass cases very nearly closed. 
They are constructed of almost any form or size ; — the experiment 
will answer with a chamber of a foot in each direction, or in one 
as large as a common green-house. The plants to be reared are 
placed in a kind of trough, with a sufficient quantity of light earth 
and water ; and the glass cover is then fitted upon this in su^h a 
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manner as not to be quite air-tight, but to allow of extremely little 
conmmnication between the interior and the surrounding air. The 
advantage of this system is, that the plants are kept in an atmo- 
sphere thoroughly saturated with moisture ; and that they can ob- 
tain the necessary supply of carbonic acid (which finds its way 
through the crerices beneath the glass cover) without being also 
exposed to the impurities which the atmosphere contains. In 
London and other large towns, the air is loaded with particles of 
soot and dust, which are so injurious to y^etation, that none but 
the most hardy plants will flourish there without some protection; 
yet under this system, the most delicate and beautiful plants may 
be reared, provided they are sufficiently supplied with light and 
warmth. Again, many plants are killed by exposure to tiie sea- 
air during long voyages ; this being loaded with, particles of salt. 
But imder this protection, plants have been successfully trans- 
ported to England firom the most distant quarters of the globe, 
which could only be previously introduced by seeds. By the 
adoption of this plan, many who take an interest in the cultivation 
of plants too delicate for our own climate, may indulge their taste 
at a small expence. A window should be selected with a southern 
aspect, or nearly so, and a second pair of sashes should be fixed 
at the distance of a foot or 18 inches within or outside the first, as 
may be most convenient, — the fitting of the whole being as tight 
as possible, consistently with the easy movement of the inner 
sashes. In the space at the bottom, a trough is placed oonr 
taining moistened earth ; and the plants grown in it should be so 
trained as to expose the surface of their leaves to the light as fireely 
as possible. If a winter warmth is required, the window of a sit- 
ting room in which a fire is constantly maintained, should be 
selected ; and this will suffice to grow many plants which naturally 
inhabit the warmer regions of the globe. This method is particu- 
larly adapted for the growth of Ferns.* 

* The public are indebted for this important system to Mr. N. B. Ward, of 
London. The Aathor has that gentleman^s aathority for saying, that the oom* 
mon notion that the external air should be completely excluded^ is quite as 
erroneous one. 



CHAPTER IX. 

aHl^BRAL RHVIEW OF THB NtTRITIYB PROCESSES IN PLANTS^ 

315. The functions of the several organs concerned in the 
Nutrition and Growth of the plant having now been separately 
described, it next becomes desirable to take a general review of the 
whole, and to trace the connection between their respective actions, 
and to point out their bearing on the object of the whole of this 
beautifully^arranged system. When we look at a well-ordered 
household, we observe that the actions and duties of each member 
of it are planned and arranged by the heads of the family, so as to 
accord with their respective qualifications, and at the same time to 
conduce to the comfort and happiness of the whole ; and the more 
completely this is accomplished, the greater is the harmony and 
regularity with which the labours of the whole are performed, — 
the less is the liability to interruption, arising either from the 
caprice or incapacity of any of the labourers. And in proportion 
to the completeness with which this end is gained, do we think 
highly of the wisdom of those who have studied and executed the 
means of attaining it. 

316. Now the economy* of the vegetable is precisely analogous 
to* that of such a household. The whole structure is composed of 
a number of different organs or members, having different parts to 
perform in the general scheme ; and these parts or functions are so 
beautifully adjusted together, that, in every variety of circum- 
stances in which the being is liable to be placed, they shall still be 

* This word literally signifies househofd-law ; and in this sense it is applied in 
physiology, to designate the regular harmonious system on which the actions 
of living plants and animals are performed. 
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executed in harmony, and with one common purpose. Thus we hare 
seen that que organ pumps up the required water, another carries 
it, another uses it in cooking, another gets rid of the waste, an- 
other obtains the solid food, another carries the cooked provisions 
to all parts of the structure, another stores up the superfluity, 
another builds additions to the edifice, whilst another prepares to 
send out a colony, furnished with supplies or food, and with 
every thing requisite to begin life for themselves. Now we hare 
considered the separate parts of the establishment — we have in- 
spected the pump, the conduits, the kitchen, &c. ; the general 
economy of the whole remains to be reviewed. And if we hare 
seen a Wise Design in those, our ideas will be still further devated 
by this mode of viewing the subject. 

317* We have seen that the fluid absorbed by plants consists 
of water, in which are contained carbonic acid and ammonia; and 
in which are also dissolved the various mineral substances wbidi 
each species requires for its healthy existence, but which coatribute 
nothing to the formation of those peculiar organic substances that 
compose the vegetable tissues. The conversion of these elements 
into the substances intended for the nourishment of the plant 
begins very low in the stem ; and the proportion of them increases 
as it ascends. The substances at first produced are ^m and su^, 
which are the simplest in their chemical nature of all organic 
compounds ; being made up of oxygen and hydrogen in the same 
proportions as water contains, with the addition of carbon. Being 
nearer inorganic bodies in their composition, and in the tendency 
of the latter to the crystalline form, they are also nearer in prop^- 
ties ; for they may be preserved for years in a dry state, without 
any impairment of their characters, since their tendency to spon- 
taneous decomposition is not greater than that of many mineral 
substances. 

318. The crude sap immediately that it has been abscffbed, 
begins to mix with the matter which has been stored up fixHn the 
previous year, in the tubes and vessels through which it rises; and 
in proportion as it ascends the stem, it dissolves more and more 
of this, so as gradually to present in taste, odour, &c. the peculiar 
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characters of the plant itself. The object of this admixture has 
been already stated (§ 119.), and it also probably has another. It 
seems to be a general law of the organized world, that the raw 
material taken in as aliment by any being, cannot be assimilated 
(that is, converted into the nutritive matter required to repair, re~ 
new, or extend its tissues,) without being mixed with matter 
previously assimilated. Thus, in animals, the chyle which is 
taken in from the food in the intestines, and which contains the 
materials of blood, is not sent to nourish the system, until it has 
been mixed with the blood previously circulating, and acted on 
by it. In plants this object is effected during the period of active 
vegetation, by the admixture of a portion of the descending sap 
with that which has been just absorbed ; but as all activity ceases 
during the winter, the same object is provided for in the autumn, 
by causing the essential parts of the sap to be deposited in the tis- 
sues, so as to be dissolved in the ensuing spring. 

31 9. Although the peculiar characters of the proper juices of 
the tree are thus communicated to the ascending sap, yet they are 
possessed by it in but a very slight degree ; and it is in consequence 
of this, that the ascending sap of all trees possesses very nearly the 
same properties ; — as is shown by more than one curious feet. 
There are some plants which have not the power of forming true 
roots for themselves, and which obtain their supply of sap from 
the stems of trees to which they attach themselves. Such is the 
common Misseltoe. The seeds of this plant are deposited by 
birds on the exterior of the stems and branches of trees ; and the 
root-fibres which they put out, insinuate themselves through 
the crevices of the bark, and incorporate themselves with the 
wood. 

320. Now the Misseltoe imbibes the ascending sap from the 

wood of the tree or stock on which it grows ; and this it converts 

into a proper juice, adapted to nourish its own structure, by means 

of its own leaves. The ascending sap of most trees being nearly 

aHke, the Misseltoe seems to grow with almost equal facility on a 

great variety. It is remarkable, however, that it is very rare on 

the oak; and it is perhaps this circumstance, which caused the 
o 
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plant when found in connection with that tree, to be regarded by 
the ancient Druids in a religious light. Perhaps it is the tannin 
produced by the oak, of which a small portion will be contained 
in the ascending sap, and which has been already spoken of as 
exerting a prejudicial influence on the vegetation of most other 
species (§ 209.), which is unfavourable to the growth also of the 
Misseltoe. 

321. Now it is a very curious fact, that the law of growth of 
these root-fibres is different from that which governs other roots. 
For whilst the latter grow downwards towards the centre of the 
earth, these grow towards the centre of the bough or stem into 
which they may be penetrating. This tendency was ascertained 
by the experiments of the French physiologist Dutrochet, who 
caused a seed of Misseltoe to germinate when hung by a thread 
near a large ball of metal ; and he found that the radicle always 
directed itself towards the centre of this ball, near whatever part 
of the surface it might be placed. By this curious adaptation, the 
Misseltoe, which, from the want of power to form perfect roots, 
would otherwise be unable to exist, is endowed with a compensat- 
ing power ; — it being as much a part of its natural habits to grow 
upon the stem and branches of trees, as it is for other plants to 
send their roots down into the ground. 

322. The fibres of the Misseltoe seem to incorporate them- 
selves completely with those of the stock ; and so intimate is the 
connection between them, that coloured fluids will pass from tiie 
stem into this natural grafts — ^for so it may be termed. It does 
not appear, however, that any communication exists between the 
parasite and the bark beneath it, which is always found to be in 
a dead state around its insertion. But if the part of the branch 
at which it penetrates be divided with a saw, it will be seen that 
the two woods are so thoroughly united, that the line of separa- 
tion between them can scarcely be traced. That the Misseltoe is 
itself quite deficient in the power of absorbing fluid, has been 
clearly proved bv experiment. If the stem of this plant be cut 
off and immersed in water, it will absorb little or none of the 
fluid ; whilst, if a portion of the branch with which it is connected 
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be cut off and immersed in a similar manner, it will absorb nearly 
as much as if fumisbed witb leaves of its own. 

323. A curious fact iliostrative of the great difference in the 
cbaracters of the ascending and descending sap, is that the former 
is nearly or quite harmless in those plants whose proper juices 
have the most virulent properties. Thus, the inhabitants of the 
Canary islands draw off the former, which serves as a refreshing 
drink, from the interior of the stem of the Euphorbia cana/riensis ; 
a tree of which the descending sap is of a very acrid nature, 
resembling that of the common Spurge of this country, but much 
more powerful. 

324. The conversion of the water and carbonic acid absorbed 
by the roots into gum or sugar, involves the setting free a portion 
of the oxygen contained in those compounds ; for as water is com- 
posed of oxygen and hydrogen, and carbonic acid of oxygen and 
carbon, it is evident that, in the production of any substances con- 
taining no very large proportion of oxygen combined with carbon 
and hydrogen, there must be a superfluity of the first of these in- 
gredients. This oxygen is probably conveyed away by the spiral 
vessels which form the medullary sheath of Exogens, and which 
are diffused through the woody bundles of the stem of Endogens. 
These spiral vessels communicate with the leaves ; and through 
them, the oxygen is given off to the atmosphere. By dividing stems 
under the surface of mercury,* and collecting the minute bubbles 
of gas which arise from the cut ends of the spiral vessels, it has 
been shown that they contain a considerably greater proportion of 
oxygen than exists in the atmosphere. 

325. The processes by which the crude sap conveyed to the 
leaves b converted into the " proper juice '* of the plant, have 
already been described in so much detail, that it is not necessary 
to do more than briefly recapitulate them here. By Exhalation 
and Evaporation a great quantity of superfluous water is got rid 

* This fluid is used instead of water, when it is desired to collect gases which 
might be absorbed by water. (See Vol. lY. Chemistry.) In the present case it 
is employed to prevent any carbonic acid that might exist in the vessels, from 
being undiscovered, through the absorption of it by the water. 
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of; and the fluid is thus concentrated. By the absorption of 
carbon under the influence of light, — the process to which the 
name of Digestion may be given, — a large quantity of solid matter 
is added to it ; and the materials are afforded for the increase of 
the woody structure, which requires this ingredient in a peculiar 
degree. And by the process of Respiration is removed the pro- 
duct of the slow decay of the whole structure, which would be 
highly injurious if retained within it. 

326. We must remember, however, that, in speaking of these 
changes, we only state the evident results of those more obscure 
ones which take place in the interior of the plant, and of which 
the nature is still unknown. In all plants, the functions of Ex- 
halation, Digestion, and Respiration, are performed almost in a 
similar manner ; and the materials upon which they operate are 
(as already explained) nearly of a similar character ; and yet the 
products are remarkably different. In nearly all of them, how- 
ever, the material of the tissues themselves is the same. Woody 
fibre, for example, is found by the chemist to be composed of the 
same elements, in the same proportions, from whatever tree it is 
taken, provided it be cleared from those substances which are 
deposited within it for the purpose of aflbrding it additional 
strength. But when we look at the immense variety of products 
which the vegetable kingdom supplies, varying no less in proper- 
ties than in appearance, we are lost in wonder at- the marvellous 
nature of those processes, in which a diiference, undiscoverable 
by all our most refined means of research, shall be productive of 
such a number of widely-different results. And at the same time 
the reflecting mind cannot forget that these results are all of a 
kind most valuable to Man, furnishing him with the necessaries, 
the comforts, and the luxuries of life, — support in health, medi- 
cine in disease, and the materials of great part of his clothing, 
his books, and various articles which minister to his mental and 
moral improvement. 

327. These substances may be distinguished under two 
classes ; — the nutritive products^ adapted to supply the materials of 
increase to the tissues themselves; — and the special secretions^ 
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which are for the most part contained or stored up in them. The 
former are common to all plants ; of the latter different kinds 
exist in the various trihes. 

328. Of the nutritive products, which are carried by the 
descending sap to all parts of the structure, (as are those of a 
similar nature contained in the blood of animals,) the principal is 
Gum, This is found in the bark and wood of all plants ; and is 
present in such abundance in several, which are called Gum-trees, 
as to flow in plentj from the bark when wounded, or when its 
surface cracks. Of these trees, most belong to the Acacia tribe ; 
and it is in warm climates only that the formation of this product 
is so abundant as to make the collection of it desirable. Various 
modifications of this principle exist in different vegetables ; but 
they may all be regarded as combinations of pure gum with other 
substances. Gum Arabic is one of its simplest forms ; this is 
really brought from Arabia, where it is annually collected in the 
Acacia forests, at the end of November. A large quantity is 
imported into this country, on accoimt of its extensive use in 
calico-printing and other arts. It is a highly nutritious substance 
to man and animals ; and it forms an important article of diet in 
Arabia and Senegal. Those who are engaged in collecting it live 
for a time almost entirely upon it ; and six ounces have proved 
sufficient to support an adult for 24 hours. It is on record that a 
caravan crossing the Desert, their provisions being exhausted, 
preserved themselves from famine by eating the Gum Arabic 
which formed part of the merchandize they were transporting. 
But no animals could continue long to subsist on this ingredient 
alone ; since it contains no nitrogen, which is still more essential 
to their support than to that of plants. 

329. Gum is almost the only organic substance that seems 
to be immediately applied to the nutrition of the plant, when 
absorbed from without, instead of being first decomposed into 
water and carbonic acid ; for a plant thrives well in a solution of 
it. This is evidently because it thus supplies an important ingre- 
dient in the ascending sap, in which it would otherwise have to 
be formed. (§ 317*)* "^^^ g^^ contained ^in the elaborated sap 
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appears to liave undergone some change, wbich renders it more 
prepared for being converted into an organized tissue. It is this, 
which, being poured out between the bark and the newest layer 
of wood, is the viscid substance termed cambium ; in which the 
rudiments of the cellular tissue, that is to form part of the new 
layer of wood, after a time present themselves. Even if this 
cambium be drawn off from the stem, its particles show a tend- 
ency to arrange themselves in a form resembling that of cells and 
vessels ; though no perfect lissues are produced by this kind of 
coagulation. The interior of young seeds is filled with a glutinous 
pulpy fluid of a similar description; and partitions gradually 
appear in this, converting it into a mass of cellular tissue. 

330. If a wound be made in the bark, a similar glutmons 
exudation is thrown out from the cut edges ; and by the conversion 
of this into soHd tissue, the wound is gradually healed. If a 
complete ring be cut away from the bark, this exudation will be 
much the greatest on the upper side, — showing that it comes from 
the descending sap ; but it is not altogether confined to that edge, 
since a portion of the descending current, having been carried by 
the medullary rays into the interior of the stem, is not checked 
by this interruption to its flow through the bark. Thus we per- 
ceive that, although there is not in Plants, as in Animals, a 
regular continuous circulation of nutritious fluid, — ^that wluchhas 
once passed through the system of the latter, being impelled again 
through its vessels, after having imdergone the necessary purifi- 
cation, — Nature has provided for the reparation of their wounds 
in the most advantageous manner. 

331. From this form of Gum it would appear that the Boa- 
terials of cellular tissue are produced ; but those of woody fibre 
are not the same in chemical constitution, containing a larger 
proportion of carbon. And thus we see why it should be pecu- 
liarly necessary for the production of woody fibre, that the leaves 
should be exposed to the frill influence of light, by which alone 
the proper amount of carbon can be introduced into the system. 
As already stated, whilst cellular tissue increases in every direction, 
woody fibres seem to grow almost exclusively downwards* They 
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may be traced gradually descending from the leaves, in which 
thej always originate, just as the roots make their way through 
the earth. They pass down in the space between the bark and 
wood, at the time the cambium is there ; and this fluid probably 
contains the materials for both tissues. If an obstacle interyene, 
— ^as, for example, a branch passing off from the stem, — they do 
not stop in consequence of it, but separate to one side and the 
other, and re-unite below, just as a bundle of roots would have 
done. These fibres, being intermixed with the cellular tissue 
produced by the cambium, compose the new layers of wood and 
bark, of which a new one is formed every year ; and it is in this 
way that those additions are made to the quantity of solid matter 
contained in the stem, which the supply of descending sap is 
principally intended to furnish. 

332. The production of new buds is accomplished, as already 
stated, by the cellular tissue alone; and as they are connected 
more or less closely with the medullary rays, it is easy to imder- 
stand how they derive their nutriment from the descending 
current. Nothing but cellular tissue exists in them, imtil they 
have expanded themselves into true leaves, and then they form 
the materials of woody fibre for themselves. The same is the 
case with flower-buds, seeds, and other young parts. The sub- 
stance termed pectin^ which constitutes the jelly of fruits, is very 
closely allied to gum, and may be converted into it. 

333. Although Gitm seems to be the chief nutritious product 
of the assimilation, by the plant, of the substances which formed 
its aliment, it is not the only one. Siigar in many cases appears to 
have the same office, especially in young and rapidly-growing joarte. 
Thus, the starch of seeds is converted into sugar in the first stage 
of their growth (§ 283.) ; and the sugar is dissolved by the water 
around, and carried up the young stem to the leaves. The starch 
existing in the disk of flowers, again, is converted into sugar for 
the nourishment of the young seeds ; and it is the superfluous por- 
tion of this which flows off in the form of honey. There are par- 
ticular plants which contain a very large proportion of sugar, just 
as we have noticed others which abound in gum. Such are the 
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Sugar-Cane, the Beet-root, and the Maple. The sweet juice 
which aboTinds in the Sugar-cane is exhausted by flowering, and 
appears, therefore, destined for the development of the set <^ 
organs concerned in that process. The same is the case with ^e 
Beet-root, and also in the Maple ; in the former, the sweet juice 
does not begin to accumulate in the roots, until the development 
of the growing parts has ceased for that year ; in the latter, the 
juice which was previously sweet ceases to be so whilst the tree 
is putting forth its buds, leaves, and blossoms ; in both these in- 
stances, the use of the sugar in the vegetable economy is clearlj 
seen. 

334. Of the importance of Sugar as an article of commerce 
little need be said. The annual production in different parts of 
the world is estimated at not far from 20 million hundred- weights, 
or a million of tons ; and this is nearly all obtained from a single 
kind of plant, — the Sugar-Cane. The soft spongy tissue of this 
plant, previously to its maturity, contains a large quantity of a 
sweet juice, which is pressed out from the stems by passing them 
between rollers. This juice is boiled down into a thick syrop, 
which crystallizes and deposits the sugar it contains. This is what 
is commonly known as brown sugar ; and it has to undergo a 
subsequent process of refining, in order to convert it into while* 
In Canada and other parts of North America, a good sugar is 
produced from the Maple, by tapping the stem when the sap 
begins to arise in the spring ; the quantity of sugar obtained, by 
boiling the sap that flows from one tree during a period of six 
weeks, is sometimes as much as 30 lbs. 

335. It is not unfrequently necessary that a store of nutritive 
matter, which may be required at some future time, should be pro- 
vided in the Vegetable system, in such a situation that it shall be 
out of the general current of the circulation, and at the same time 
easily brought into it. In animals, the /a/ constitutes a store of this 
kind. The superfluous nutriment introduced into their system is 
converted into this substance ; which, besides other purposes that 
it serves, is ready for the support of the body, when from anj 
cause there is a failure of the supply on which the animal usually 
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depends. In some animals, this production of fat takes place at 
regular periods ; thus Bears, which pass nearly the whole winter 
in sleep, and take little food during that season, become very 
plump in the autumn, and are observed to be very lean soon after 
they have emerged from their winter retreat. 

336. Now the Starch which is found so abundantly in many 
plants, and in some part of almost every one, serves the same pur- 
pose as fat. It is gum, slightly altered, and enclosed, as it were, 
in a series of minute bags, which fill the cells of cellular tissue 
and receive their form. Starch, when removed from the plant, 
exists in the form of minute granules ; each of which, when exa- 
mined with the microscope, is found to consist of a series of 
layers of a half-fluid substance, the interior ones being nearly 
fluid like dissolved gum, and those on the outside being almost as 
firm as membrane. When put into cold water, they retain their 
structure, as the outside layer is not acted on by that fluid ; but 
when exposed to a heat of about 160^ , this little sac bursts, and 
its contents are set free and dissolved in the water ; and this is 
why starch, once dissolved in hot water, can never be restored to 
its original form. 

337. Thus, then, we may consider starch as little else than 
gum divided into minute portions, and stored up out of the way 
of the nutrient fluid, which would otherwise dissolve it whilst 
circulating. In all instances, the stores of this substance appear 
destined for the nourishment of young parts ; since they are found 
in the neighbourhood of these, and are exhausted by their growth. 
Thus, starch forms a large part of the substance of all seeds ; 
sometimes (as in the Com grains) being deposited around the 
germ of the young plant ; and in other cases (as in the Pea and 
Bean) being included within it, forming the large fleshy cotyledons 
or seed-leaves, which first come to the surface after the seed has 
begun to sprout, and which wither in proportion as the young 
plant developes itself. Starch is foimd abundantly, again, in the 
fleshy imderground stems destined to nourish young shoots ; as 
are the tubers of the Potatoe, and the rhizoma of the Arrow-root ; 
and it has been lately pointed out that, if the blossoms be pulled 
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off the plants before opening, the accomalation of starch will be 
much greater, in consequence of the exhaustion of the store hayii^ 
been prevented. Starch is also abundant in the flesh j roots which 
have to furnish nutriment to the young stems, when they first begmto 
grow, as in the Briony an4 Elecampane. It is also found in the pith 
and bark of many Exogens, and in the cellular tissue occupying the 
centre of the stem of many Endogens (such as the Sago Palm,) 
where it forms a reservoir of nutriment for the young leaves. 

338. The deposit of starch generally continues to increase so 
long as the plant which forms it is in active vegetation. It then 
arrives at its greatest amount, and remains the same until the 
young parts which are to be supplied from it have begun to grow ; 
and then it rapidly diminishes. Thus, it has been stated that a 
himdred pounds of potatoes contain of starch. 

In Aug^t lOlbs. In March ITlbs. 

September 14ilbs. April 13jlbs. 

November 17ibs. May lOlbs. 

339. Although this deposition of starch fulfils a part so evi- 
dently important in the vegetable economy, we cannot doubt the 
wise and benevolent intention of the Creator, in thus providing a 
store of nutritious and palatable food for man in situations in which 
he can so easily obtain it ; and it is interesting to remark that, 
from the completely separate form in which it exists, it may be 
obtained in a state of purity fix)m many vegetables, which, as a 
whole, are of very poisonous character. An illustration of this fact 
occurs in the Cassava, which forms a most important article of 
food in almost all the warmer regions of the globe. This substance 
is the starch contained in the root of a plant termed JcOropha 
Manihot; and the root also contains a juice so poisonous, that it is 
employed by some of the savages among whom this plant abounds, 
to tip their arrows and spears. The root is usually ground or rasped 
into a sort of coarse meal ; and from this, when put under pres- 
sure, the juice runs off, leaving the starch nearly pure. The 
Tapioca of Brazil is nearly the same with Cassava. 

340. Starch cannot be applied to the nutrition of the tissues 
however, Mrithout undergoing an important change, which reduces 
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it, in fact, to the condition of sugar or gum. Of this change there 
are many instances in the progress of vegetation. That which is 
best known is the conversion of the starch of seeds into sugar, 
which takes place during germination ; and upon this the process 
of malting is founded. The grain of barley contams a large quan- 
tity of starch ; but, when the embryo is made to sprout, this starch 
is converted into sugar for its nourishment. Now the germination 
of the seed is caused by steeping it in water, and then placing it in 
a warm atmosphere ; and this is the first stage of the process of 
malting. As soon, however, as the growth of the embryo has pro- 
ceeded far enough for the proper quantity of the starch to be con- 
verted into sugar (which is known by the length of the young root 
and by the appearance of the grain itself), the germination is 
checked by the application of a higher degree of heat, which kills 
the young plant ; and the newly-forined sugar can then be em- 
ployed to give sweetness to water or other fluids. In the same 
manner, the starch of Potatoes and other tubers, is converted, 
when required for the nourishment of the growing buds, into 
sugar, which is absorbed by their vessels ; and nearly the same 
may probably be said of every other instance in which starch is 
laid up for a purpose of this kind. 

341. Now this change of starch into sugar is one of a purely 
chemical nature ; for it can be performed in the laboratory of the 
chemist, by pouring hot water on the starch, so as to break the vesi- 
cles and set free the contained gum ; and then treating this with a 
weak acid for some time ; by which the whole is converted into a 
sugar that scarcely diflers from that of other kinds. In the Vege- 
table economy, however, this change is effected by another meails. 
In the juices of the plants themselves, there is a substance termed 
diastase^ very minute quantities of which have the remarkable pro- 
perty of changing starch into sugar. This diastase exists in seeds, 
and is foimd in larger quantities near the et^es or young buds of 
the Potatoe, by the vessels of which it is carried through the mass 
of starch when required. How beautiful an arrangement it is, that 
a substance possessed of the remarkable property of converting 
starch into sugar, should be formed wherever a store of the first of 
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these substances is laid up for the purpose of affording a supply of 
the latter when required, — ^and that this diastase should be found 
nowhere else than in the very parts of the yegetable structure in 
which it will be of use ! 

342. We see, then, that the form in which nourishment is 
conveyed to the growing parts of plants is that of gum or sugoar. 
These two substances are composed of the same elements in nearly 
the same proportion ; and the former may be changed into the 
latter. They are usually foimd together in that thick mucilaginous* 
fluid which lies between the bark and wood in summer, and which 
is gradually organized, or converted into tissue ; and also in that 
which forms the pulp of the very yoimg seeds which exist in the 
seed-vessel before the flower has fiilly expanded. The gumminess 
of this fluid is at once perceived by its glutinous properties ; and 
that it contains sugar is known by the sweetness of its taste. Gum 
and Sugar, therefore, are to be considered as the mateiiab out of 
which the Yegetable tissues are constructed ; and Starch must be 
converted into one of these before it can be applied to a similar 
purpose. 

343. Now the proper juice elaborated by the leaves of one 
plant may sometimes serve for the nourishment of another. A 
group of parasites, which, having leaves of their own, can elabor- 
ate for themselves the crude sap they obtain from the roots of 
another tree, has been already described (§ 320.), but there is 
another which is destitute of leaves as well as of roots, and which 
is therefore dependent for support on the elaborated sap of the 
plants, to which its different kinds respectively attach themselves. 
And as the nature of the proper juice of each species varies much 
more than does that of the crude sap, these parasites cannot sub- 
sist upon the fluids of many different species, but are for the most 
part restricted to those of a few. Most of them grow upon the 
roots or underground stems of others ; no part of them appearing 
above the surface (in general at least) except the flower-stalks 
which are occasionally sent up. They abstract the nutritious fluid 
from the plants to which they cling, by means of a number of 

* Mucilage is the term applied to a solution of gum in water. 
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little suckers which are formed upon their roots, and which fix 
themselyes to the hark of the stem and roots ; and in this manner, 
they not unfrequently cause the death of the plant, by drawing off 
its juices. 

344. On^e of the commonest kinds is the Orobancke^ or Broom- 
rape, so named from the ravages it is thought to commit on the 
Broom and Gorse of our heaths. The different species of this 
plant infest different kinds of yegetables ; thus the one which in- 
fests broom and fmrze also attaqks cloyer ; and in many parts of 
Flanders, the farmers are altogether deterred from the cultivation 
of clover by this species, of which the seeds lie dormant in the 
soil, until it is made to support plants upon which the parasite 
can grow, and which it then attack? vigorously. Another species 
of this genus confines itself to certain Composite flowers, as the 
Centaury and the Scabious ; and this occurs on the red Clover and 
on the Cats-ear ; and one species is found exclusively upon the 
roots of Hemp. The Cuacuta^ or Dodder, is another plant of the 
same description, which attaches itself to the stems of the nettle, 
clover, and other plants, round which it coils in a direction con- 
trary to that of the sun. When luxuriant, the Dodder gives a 
strange appearance to the herbs and bushes on which it grows, 
covering them, as it were, with a veil of reddish, leafless stalks, 
studded with blossoms. Their seeds, unlike those of most other 
parasitic plants, germinate in ordinary soil ; but if the seedlings be 
kept there, they will soon wither and die, from the want of their 
peculiar nutriment. Some parasitic species* derive a part of their 
aliment, in their adult condition, from true roots spread through 
the soil ; but are still dependent for most of the solid matter they 
require, upon the supply of ready-elaborated sap, which they obtain 
by their suckers from the plants upon whose bark they fix them. 

345. From these naturally parasitic plants, we may pass to 
those which are rendered so by artificial means. It will he here- 
after explained (Chap. XII.), that the cultivated varieties of 
plants cannot be propagated with any certainty by seeds, from 
which we are only sure of obtaining new plants of the same species, 
(§ 15.). Thus, the seeds of a Golden Pippin or of a Russet, sown in 
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different soils, will all produce plants bearing Apples of some sort ; 
but these are not likely to bear any greater resemblance to the 
parent or to each other than all Apple-trees haye to their kind; 
and the character of their fruit will be quite uncertain, — ^it being 
little better, if the soil be poor, than that of the Crab, from which 
all the Tarieties of Apple hare originated. 

346. In order to propagate any particular yariety of firuit or 
flower, the cultiyator reserves some of the leafy buds of the tree 
or plant, and places these in circumstanees favourable to their 
growth. In many instances, the leaves or leaf-buds have the 
power of forming roots for themselves; and this is especially 
the case when the neighbouring part contains a temporary supply 
of nourishment for them, such as the tuber of the potatoe imparts 
to the eyeSy or buds it contains. Thus, if the young branches of a 
Vine be cut into as many pieces as there are les^-buds, and these 
be properly laid in a favourable soil, and stimulated to growth by 
heat and moisture, they will soon put out roots and become per- 
fect plants ; being at first supported by the nutritious matter con- 
tained in the wood to which they adhere, and afterwards by the 
products of its decay. It is in this way that Sugar-Cane is propa- 
gated, — the plants that spring from these cuttings being more vi- 
gorous, and coming earlier to maturity, than those raised from 
seed. This method is often employed by the Gurdener; who some- 
times varies it, by not detaching the bud from the parent stock, 
but by bending a branch into the earth, and letting it be partly 
supported by the juices of its parent, until it has put forth roots 
for itself. This is termed propagating by layers, 

347. But there are many cases in which it is desirable not to 
trust to the power which the bud may possess of forming roots 
for itself; and advantage is then taken of the tendency which the 
growing parts of plants have to adhere and become united to each 
other. Such adhesions not unfrequently take place from natural 
causes. Thus, if two branches, either of the same or of different 
trees, be lying across each other, in such a position as to rub against 
one another when moved by the wind, the bark will be worn off 
from each, and a fluid will be exuded from the wounds, which 
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will be in time conyerted into solid tissue. This is capable of 
conveying sap from one branch to the other; for a tree that has 
been thus united (for the sake of experiment) to two others, and 
has been then cut off from all communication with the soil, has 
continued to live, without any other supply than that which it 
derived through these trees. This natural adhesion of vegetable 
tissue is well seen in the ivy ; the branches of which often interlace 
and graft together in various places, until the whole forms a rude 
net- work, enclosing the trunk of the tree on which it has climbed. 

348. Now the gardener imitates this process, when he wishes 
to supply the separated buds of a tree or plant which he desires to 
propagate rapidly, with nourishment ready to be elaborated by its 
leaves. He chooses a stocky or stem deprived of its own buds, and 
cuts off its top in a sloping direction, so as to expose a large surface 
of wood and bark. He cuts the lower end of the yoimg branch, 
termed the grafty in a similar manner, and then fixes them toge- 
ther, taking especial care that the bark and wood of the one should 
meet and join with the bark and wood of the other. If the opera- 
tion succeeds, the stock and the graft become so completely 
united together, as to form in time but one tree, in which all mark 
of the original separation has disappeared. The stock draws up 
firom the soil the fluid which the leaves of the graft require ; these 
obtain carbon from the air, and elaborate the crude sap into proper 
juice, a portion of which is supplied by the graft to the stock for the 
extension of its own tissues, just as if the stem really belonged to it. 

349. To effect this object, it is generally necessary to choose as 
the stock, a plant either of the same species with the graft, or one 
very closely allied to it ; and the less the relationship, the more 
care and precaution must be taken to secure a union, by bring- 
ing the newest layers of bark and wood into contact. It is cus- 
tomary to select for the purpose some less valuable form of the same 
species ; thus the cultivated varieties of Pears and Apples are 
grafted upon the Wild Pear and Crab. Or a species nearly allied 
will sometimes answer almost as well, and, from being readily 
procured, is commonly employed; thus. Peaches and Apricots are 
grafted on the common Plum. The operation does not always 
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succeed between two species of different genera ; and it fails en- 
tirely, if an attempt is made to unite individuals of different fami- 
lies. Thus, for example. Pears answer well upon Pears, nearly as 
well upon Quinces, less freely upon Apples or Thorns, and not at 
all upon Plums or Cherries which are of a different family. The 
Lilac will take upon the Ash, notwithstanding their great appa- 
rent difference, because they are of the same natural family ; but 
the Oliye, which also belongs to the same family, cannot be profi- 
tably grafted upon the Ash, since the vegetation of these is 
too different to allow them to live long together. 

350. From what has been said regarding the readiness of the 
Misseltoe (which may be considered as a natural graft) to grow 
upon various kinds of trees, and the great similarity of the 
ascending sap in most of these, it is evident that the cause, which 
thus restrains the gardener in the choice of his stock, is not merely 
the difference in the properties of the fluids of the two kinds, but 
also the difference in the general character of their growth. It 
is essential that the stock and graft should be naturally in sap at 
the same time ; and this is more likely to be the case in nearly- 
allied species than in others. However, in very succulent plants, 
such as the Cacti, of which the fleshy stems are always fiill of 
fluid, grafts of very different species succeed very well together ; 
and this exception helps to prove the rule. It is necessary, also, 
that the rate of growth of the two should be nearly the same ; 
for, if the graft be of more rapid growth than the stock, and 
more be sent down to the latter than it can convert into tissue, a 
swelling will be formed above the line of union, like that which 
takes place when a cord is bound round a stem (§ 144.) ; and 
this will increase so as in time to cause the death of both parts, 
by altogether obstructing the passage of fluid. 

351. Not only does the process of grafting enable the gardener 
to multiply with greater rapidity, and to preserve with more cer- 
tainty, any valuable kinds of flower or fruit, but, by the judicious 
selection of a stock, a favourable influence may be produced upon 
them. Thus, the more delicate kinds of Vines produce larger 
and finer grapes when worked upon coarser and more robust 
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kinds; and the Double Yellow Rose, which seldom opens its flowers, 
and will not grow at all in many situations, blossoms abundantly, 
and grows freely, when grafted on the common China Rose. Some 
statements, however, which impute to the stock a much greater in- 
fluence, are without any foundation in truth. Thus, it has been 
asserted that Roses became black when grafted on Black Currants ; 
and Oranges crimson if grown upon the Pomegranate : — ^but this is 
altogether erroneous, as these species will not unite at aU. 

352. Errors in regard to the success of the process have arisen 
from an occurrence that sometimes takes place, — the formation 
by the graft of independent roots, which supply it partly or wholly 
with nourishment, with little or no assistance from the stock. In 
this way has been explained the fact that the Oliye has been 
made to grow upon the Fig tree (as recorded by Columella, one of 
the earliest writers upon Agriculture) ; for no proper union can 
take place between them, on account of the wide difference in 
their character. Mention is made by Pliny of a tree in the garden 
of Lucullus, which was so grafted as to bear pears, apples, figs^ 
plums, olives, almonds, grapes, &c. ; and at the present time the 
gardeners of Italy sell plants of Jasmines, Roses, Honeysuckles, 
&c., all growing together from a stock of Orange, or Myrtle, or 
Pomegranate, on which they say they are grafted. But this is a 
mere cheat ; — the fact being, that the stock has its centre bored 
out, so as to be made into a hollow cylinder, through which the 
stems of Jasmines and other flexible plants are easily made to 
pass, their roots intermingling with those of the stock. After 
growing for a time, the increase in the diameter of the stems thus 
enclosed forces them together, and they assume all the appearances 
of being united. Such plants are, of course, very. short lived. 

353. It may be useful here briefly to retrace the mode in 
which the elaborated sap is prepared and circulated. The roots 
(or, failing them, the general surface of the plant, especially the 
leaves and young bark,) absorb fluid, which consists of water, 
usually having some carbonic acid and ammonia diflused through 
it, and also containing a small proportion of earthy matter, 
(( 169.). This fluid is conveyed to the leaves, in part by the 



210 GENERAL COURSE OP THE BA'P. 

attraction which they haye for it, and in part by the piopeOiiig 
force of the roots, (§ 110.). Whilst ascending liie stem, it is 
mixed with some of the fluid preyionsly elaborated, and it mider- 
goes some changes, in which oxygen is set free, and in which the 
quantity of gum and sugar contained in it is increased. In the 
leares, a large quantity of superfluous fluid is parted with, by 
exhalation and simple evaporation ; and a great deal of additional 
carbon is obtained by the green surfaces from the carbonic add of 
the air, under the influence of sun-light ; at the same time, a small 
quantity of carbonic acid is being constantly set free from the whde 
surface by the process of respiration^ oxygen being absorbed. 

354. These are the principal changes which can be detected 
by the observer ; but there must be others of a much more extra- 
ordinary nature, taking place within the vessels of the plant, by 
which, from the simple elements just enumerated, those peculiar 
substances are formed, which are to serve for the nutrition of, 
the structure. Or are to be laid up for some yet unknown purpose 
in its economy. Of the mode in which water and carbonic acid 
are changed into gum or sugar, the chemist is entirely ignorant ; 
and although these are the most simple of all the extraordinary 
conversions which take place in the assimilation of inoiganic 
matter, he is completely unable to imitate it There is reason to 
hope, however, that he will not long remain so ; since some animal 
compounds have been produced by artificial means. 

355. A still greater mystery is the process by which the 
elaborated sap is converted into cellular tissue or any other form 
of vegetable structure. Some parts of this process have been 
observed, and will now be described ; but of the cause of the 
changes, nothing is known. The young seed, before the flower 
has expanded, is filled with a sort of sweetish mucilage, which is 
ready to become organized. The fitst step consists in the appear- 
ance, in what was before a nearly transparent fluid, of a huge 
number of very minute granules. Soon afterwards larger granule! 
appear, round which the smaller ones cluster ; and they sowi 
present a regular form, resembling that of pieces of monej, 
being flattened and circular disks. On one surface of each of 
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these, a delicate membrane is seen to project^ just as a watch-glass 
projects from the face of a watch ; and this membrane gradually 
extends much beyond the original disk, so as to form a kind of 
bag, in one wall of which that body is included. Still, the mem- 
brane is of so delicate a consistence, that it is easily dissolved 
away by shaking the vessel in which the process is being observed ; 
and it is not until some time afterwards that it acquires any con- 
siderable firmness. Daring the period of the formation of the 
cell, the space between the membrane and the original disk is 
filled with fluid ; and in this a regular circulation may be seen to 
take place, — several currents proceeding from the nucleus (or 
c^ftoblast as it is technically called) and returning to it again. 

356. When the cell becomes mature, the original disk is 
absorbed, and no further movement of fluid is seen within the 
cavity ; but there are some cells in which it always remains, ap- 
pearing as a dark spot in their walls ; and in these the circulation 
of fluid generally continues. This circulation may be well seen 

in the beaded hairs of the Tradescantia Virginica^ 
(Virginian Spider-wort), which consist of several 
distinct cells ; at the bottom of each of these, the 
disk or nttdeua may be seen, and several currents 
may be observed to proceed from it and return to 
it again. It is a circulation of this kind which has 
Fig. 45. excited much attention in the stem and branches of 

hair of Trades- ^^ Cho/ra^ (a little cryptogamic aquatic plant) 
<******• which consist only of large cells laid end to end. 

The fluid passes down one side of the stem and up the other, turning 
round at each extremity. If the stem (which b usually composed 
of a single cell, sometimes many inches long) have a thread tied 
round its centre, so as to separate the original cell into two, each 
of these will have a complete circulation of its own. A similar 
movement of fluid has been seen in the Frog-hit (another aquatic 
plant of this country) and in many others ; and it is nearly certain 
that it takes place in every vegetable cell HmX exists, during some 
period of its growth ; being only visible for a short time in 
some, which soon arrive at a condition little subject to change ; but 
continuing during the greater part or the whole of life in others. 




212 NUTRITION IN CELLULAB PLANTS. 

357. This moYement of fluid in the individual cells, is quite 
distinct from the general circulation which has been described in 
the higher plants. It is a part of the process of formation, by 
which the nutritious fluid that is brought to each part is conyerted 
into organized tissue. In the simple Cellular plants, where the 
same surface performs alike the functions of absorption, exhala- 
tion, digestion, and respiration, there is no general circulation of 
fluid; since each of the cells composing the whole structure 
imbibes the materials of its nutriment for itself, and conyerts 
them into the substance of its own tissue, or employs them in the 
production of new cells. These seem to be usuallj developed 
from the fluid within the parent, in the same manner as the ceUs 
of the young seed are produced from the gummy matter it con- 
tains, as just now described ; and the analogy is the more close, 
since the membrane lining the seed may be regarded as itself a 
single large vesicle. The increase in size of any organ is occa« 
sioned in part by the enlargement of each individual cell, and 
in part by the development of new ones, which are formed in 
some instances between those previously existing, and in other 
cases (especially in the root) at the extremity only. 

358. In the simplest Cellular plants, therefore, there is no 
necessity for any general circulation of fluid ; and no other move- 
ment is seen but that which occurs in single cells. But in the 
more highly-organized tribes, where the parts which receive the 
different kinds of food from the elements around are at a distance 
from each other, and from those to which the nutritious fluid 
must be supplied, a general circulation is required to bring them 
all into connection ; and this is accordingly found to exist, so that 
every part of the structure is nourished by a fluid that has been 
elaborated by a system of organs, of which each is particularlj 
adapted to a single object, whilst the actions of all are directed to a 
common purpose. This elaborated sap, being supplied to the grow- 
ing parts of a plant, gives to them all the means of development that 
they can require ; and they then only need the influenceof light 
and heat, to perform their respective actions with vigour. 



CHAPTER X. 

OF THE SECRETIONS OF PLANTS. 

359. We have seen that the elaborated sap contains the 
materials of the various tissues of the vegetable fabric ; and an 
outline has just been given of what is known of the mode in 
which they are converted into living structure. The principal 
uses to man of the various kinds of these structures, will be best 
stated when the chief groups of plants are described, in the second 
division of this volume. We have next to consider a class of 
products, which are not of the same character ; for they serve no 
obvious purpose in the nutrition of the plant itself, and are never 
converted (so far as can be ascertained) into the materials of its 
tissues. They usually make their appearance in the elaborated 
sap ; but not unfrequently they are afterwards separated in some 
degree from it, and stored up (as it were) in a particular portion 
of the plant. In Animals we find a provision of a similar kind. 
The blood not only contains the elements of the solid tissues which 
are to be nourished by it, but also of fluid secretions, which are 
separated from it by special organs. Hence the term secretion, 
which means a separation or setting-apart, is derived. 

360. In Animals, however, such secretions are usually destined 
to answer some obvious purpose, either in the system or out of it. 
Thus the secretion of saliva serves to moisten the food, and that 
of gastric juice to digest it ; and in this process it is one function 
of the bile to assist. Again, the secretion of milk in the female 
for the nourishment of the young, that of poison in the venomous 
serpent for the destruction of its prey, that of the glutinous fluid 
with which the spider constructs its web, are instances of the 



214 GENERAL CHARACTERS OF YEGETABLE SECRETIONS. 

separation of certain ingredients of the blood, which are sent out 
of the body for particular objects. But Secretion in animals has 
other purposes ; — namely to purify the blood from certain ingre- 
dients, which, if they accumulated in it, would occasion disease 
and eyen death. This is the purpose of the separation of car- 
bonic acid by the lungs; and also, in part, of the secretion of 
bile, which carries off a large quantity of the superfluous carbon 
of t^e system. In the same manner, the secretion of urine carries 
out the superfluous nitrogen (which exists very largely in this 
fluid, § 195. 197.)- 

361. Now ia regard to the secretions of plants, it is yery re- 
markable that, whilst in number and yariety they much exceed 
those of animals, the use of them in the Vegetable economy should 
be much more obscure. In a few instances only are they destined 
to be sent out of the system ; they are usually deposited in some 
part of it ; yet they are not eyen separated in eyery instance firom 
the nutritious part of the juices in which they are at first formed. 
The Secretions of plants comprehend all the peculiar products which 
do not form part of their tissues; thus, all the y^etable dyes, the 
actiye medicinal principles, the oils, resins, &c, and the aromatic 
or yolatile oils, belong to this class of products. Now as the sub- 
stance of which the tissues of plants are composed is eyerywhere 
almost the same, any yarieties which these tissue3 may present, in 
colour, taste, &c., must be due to them ; and it is from their pre- 
sence that each plant deriyes its particular character, either as an 
article of food, or as furnishing products useful in medicine or the 
arts. The pure yegetable tissue, and the nutritious gum or starch 
combined with it, are nearly tasteless ; and the alburnum or sap- 
wood of trees possesses neither toughness nor colour. The former 
may be rendered uneatable by the disagreable taste or injurious 
nature of the secretions diffused through it ; the latter is strength- 
ened, and receiyes its peculiar colour, by the deposition in its 
cells and tubes, of products which haye been separated from the 
circulating fluid, and which giye to the wood a density propor- 
tionate to their amount, and to their own power of subsequently 
hardening. 
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362. The formation of these secretions is still more dependent 
on the influence of lujfhtj than is that of the nutritiye materials 
themselres. Many plants, which, under the rays of a tropical sun, 
produce secretions of a powerful character, whether as medicines, 
as aromatics, or as dyes, are almost inert in colder climates, even 
when the amount of heat artificially giyen may fully equal that to 
which they have been accustomed. Thus, the Tobacco of Persia 
is universally celebrated for its peculiar perfume ; and from the 
Roses of the South alone is it worth while attempting to obtain the 
powerful essential oil, which is known as Otto or Atar of Roses. 
This principle is advantageously employed in the growth of vege- 
tables for the table ; for, if they are reared under a diminished 
light, many kinds of plants may be used as food, which naturally 
contain secretions either unpleasant in taste or injurious in cha- 
racter. Such are the Sea-kale, Lettuce, and Oichory ; which are 
prevented from becoming ranky by hefting earth around their 
young shoots, or by growing the entire plant in a dark situation. 
The peculiar secretions, too, are not present in young plants, all 
whose energy seems expended in the extension of their own struc- 
ture ; hence those kinds which are afterwards rank poisons, may 
be eaten with impunity at an early period. Thus the peasants of 
Languedoc employ young poppies as food ; and cattle do not reject 
noxious weeds in spring, which their instinct would not permit 
them to touch in summer. 

363. As the special secretions of plants are formed in the ela- 
borated sap, they will not be found in those parts to which it is 
not afterwards conveyed. They may generally be traced first in the 
leaves ; but in the course of their descent, they are often separated 
by some particular organ, in which they are concentrated (as it 
were) to the exclusion of the rest. Thus many of the most power- 
ful medicinal agents are obtained from the bark ; some abound 
most in the roots ; other products, especially resins and colouring 
substances, seem to be chiefly deposited in the wood ; fixed oils 
are generally conveyed to the seeds, where they seem to be depo- 
sited for the same purpose as starch, — the nourishment of the em- 
bryo ; whilst aromatic oils are generally found either in the leaves. 
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the leafy parts of tlie flower, or in the coats of the seed or fruit 
Not unfirequentlj certain little bodies, which have receiyed the 
name of glands, are seen on the surfiice of the leaves, from which 
fluids are poured forth for Tarious purposes. Thus the Nettle is 
GOTered with glands of this kind, that secrete an acrid fluid, which, 
being conyejed through a pointed tnbular hair mounted upon the 
gland, produces an irritation in the wound made by the hair, just 
as does the poison of the tooth of the serpent or the sting of an 
insect. The Uttle Drotera (Sundew) again, exudes a gluey seae- 
tion from the surface of its leaves, which serves to attract and re- 
tain Insects, the decay of whose bodies seems to contribute to its 
healthy existence, as it does to that of the Dionsea (§ 246.). 

364. A detailed account of the various secretions of plants 
would not be adapted to this work ; and we shall confine ourselves 
here to a notice of those which are most serviceable to mankind. 
Of all these, there is perhaps none more directly important than 
that denominated tannin ; although of its use in the economy of 
the plants that produce it nothing is known. Tannin is the sub- 
stance, by the chemical agency of which upon ftnimaH tissues con- 
taining gelatin (the material conmionly known as glue, which 
forms a large part of the skin of most animals), leather is produced. 
Its chemical effect upon gelatin may be shown by steeping some 
oak-bark, or bruised gall-nuts, in water ; and then adding some 
of this fluid to water in which glue has been dissolved. A quantity 
of flaky master will fall down, which is, in &ct, leather ; — its par- 
ticles being separate firom each other, on account of the liquid form 
in which the elements were brought togeUier. The process of tan- 
ning consists in steeping the skins to be converted into leather in 
a solution of tannin ; this slowly penetrates their substance, con- 
verting their gelatin, which would otherwise soon undergo putre- 
&ction, into the compound just mentioned, which is capable of 
resisting decay. And, as no injury to the texture of the skin is 
done by this process, it is converted into a substance, which from 
its pliancy combined with toughness, and durability, is useful for 
a great variety of purposes. 

365. In this country tannin is principally obtained from oak- 
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bark ; but as of late years the supply of that material has not been 
eqnal to the demand, it has been necessary to look for some other 
source from which it may be procured. Several other trees com- 
mon in this coimtry yield tannin ; such are the elm, willow, elder, 
plum, sycamore, birch, cherry, poplar, hazel, and ash ; — but the 
proportion contained in all, save the two first of these, is not suf- 
ficient to render their cultivation for this object a source of profit. 
Even the common heath has been applied to this purpose ; the 
tannin being extracted from it by boiling. There are, however, 
many trees of tropical climates, which contain a larger proportion 
of tannin than that pelded by oak-bark. One of these is a kind 
of Sensitive-plant (Acacia Catechu)^ which flourishes abundantly 
in the mountainous parts of Hindostan, and jdelds the substance 
known as Catechu^ or Terra Japonica (Japanese earth, from its 
earthy appearance,) which is much valued in medicine from its 
astringent properties, and which acts very powerfully on gelatin. 
It is a dry extract, prepared by boiling the heart-wood of the tree, 
cut into chips, and then evaporating the superfluous water, 

366. The Mangrove tree, of the East and West Indies, is an- 
other from which a large quantity of tanning matter may be ob- 
tained. This curious tree grows on the borders of the sea and on the 
banks of rivers ; its stem is supported by a large number of branch- 
ing roots, which rise out of the water in arches several feet high, 
closely intertwining with each other ; and the branches hang down 
and send forth similar roots, as in the Banyan (§ 152.). The ex- 
tract made from its bark is used for tanning in many parts of the 
West Indies and in Hindostan ; and it is said to perform its office 
more perfectly in six weeks than oak-bark does in ten, producing 
a leather more firm and durable. In New Holland there is an 
abundance of a species of Acacia, which is cut down for the pur- 
pose of clearing land ; and from this it has been ascertained that 
an extract may be made, fully equal to oak-bark. As, notwith- 
standing the distance of the colony, it can be supplied very cheap- 
ly, so long as there is a superfluity of the Acacias, it will probably 
take the place in great degree of oak-bark. 
* 367* Another secretion of great importance in the arts, and of 
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which new and yaluable appHcations are constantlj heing dis- 
covered, is CaatticAouc^ commonly known as Indian Ruhbar. It 
was first brought as a great curiosity from South Amefka about 
150 years ago ; and for a long time nothing was known of the 
source from which it was obtained ; nor was it applied to any use- 
ful purposes, except the rubbing-out of pencil marks, from which 
^t took its name. It is known to be contained abundantly in the 
juices of many trees growing in tropicsd climates, as well as, in 
smaUer quantity, in many plants of temperate regions ; it seems to 
form an essential part of the milkjf juices (as they are termed, from 
their white colour, rather than from their properties,) which are 
characteristic of several tribes of Vegetables, especially of the 
Artocarpeoe (Bread-fruit tribe), Apoeynece (Oleander tribe), and 
EuphorbiaceoB (Spurge tribe) which will be hereafter more par- 
ticularly described. To the first of these orders belongs the cele- 
brated Palo de Yacca or Cow tree of South America, which yields 
a copious supply of a rich, bland, and wholesome fluid closely re- 
sembling milk. In the plants of the second order, the milk is 
usually rendered bitter and poisonous by the admixture of other 
secretions ; and in the third it is of a very acrid character. In other 
orders of plants haying milky juices, however, caoutchouc forms 
but a very small proportion of them ; such are the Papaveracem 
(Poppy tribe) and Cichoraceoe (Cichory tribe) ; and here it is re- 
placed by opium^ — a substance presently to be adverted to. The 
juices which contain caoutchouc are obtained by making incisions 
into the bark ; and the fluid which runs from them soon thickens, 
on exposure to the air, into a substance of a pure white colour, 
having neither taste or smeU. The dark colour which caout- 
chouc usually presents, is received from the smoke of the fire over 
which it is dried. 

368. The use of Caoutchouc in the arts and manufactures 
results from two distinct properties; — its high degree of elasticity ; 
—rand its complete impenetrability to water. The modes in which 
its elasticity is made usefrd are extremely numerous; amongst 
others may be mentioned, the employment of it to form elastic 
websy which are partly woven with threads spun from it, and which 
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are introdaced into braces, saddle-girths, and other bands in which 
a steady and equable pressure is required. Its impenetrability to 
fluid has long been known, and was applied by the Indians of 
South America in the production of waterproof boots ; these were 
made by spreading the juice, when flowing firesh from the tree, over 
moulds of clay, which could be afterwards broken away from their 
interior. Similar articles have been made in this country, by keep- 
ing the juice in bottles from which the air was excluded ; by which 
means it has been brought orer in a perfectly fluid state, without 
losing its power of hardening when exposed to the atmosphere. 

369. But of late years, a much more effectual and ready 
means has presented itself of thus employing to great adrantage 
the valuable properties of Caoutchouc, in the discovery of the 
power of ether and naphtha* to dissolre it without changing its 
properties ; so that a kind of varnish may be thus formed, from 
which, when it is spread over any sur&ce, the dissolving fluid 
(which is extremely volatile) will evaporate, leaving a very thin 
coating of caoutchouc behind. It is in this manner that the water- 
proof &brics are made, which are now so much employed for 
cloaks, wrappers, &c. ; and as these are also air-tight, they may be 
used for air-cushions, mattrassea» &c. The &bric consists of two 
layers of cloth, which are varnished, each on one side, and then 
passed through a pair of rollers with the varnished sides in contact ; 
so that a thin layer of caoutchouc exists between them. Some idea 
of the great and increasing consumption of this substance, new and 
useful applications of which are constantly being discovered^f may 
be formed from the ^t that, whilst in 1830 the quantity imported 
into England was more than 52,000 9>s. (nearly double that 

* This fluid is obtained in Enj^land firom the tar which passes over with the 
gas now so universally employed, when coal is heated in closed retorts. 

* 
f A patent has lately been obtained for the employment of stXid Caoutchouc 

in saddles and horse-collars. Two objects are here attained by it ; — the mueh 
increased comfort of the horse by the equal difihsion of pressure over the sur- 
face, by which galling is prevented ;—«nd the preservation of the padding 
beneath, by protecting it from being saturated (as it otherwise frequently is) 
with the perspiration of the animal. 
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imported in tbe preceding year), the consumption in the year 
1833 was nearly 180,000 9>s.; and there can be little doubt 
that it has since increased in nearly, if not quite, as rapid a 
proportion. 

370. The large number of oils obtainable from plants, may be 
divided into the fixed or fat oils, from which no yapour passes off 
at the temperature of boiling water ; and the volatile or essential 
oils which give off vapoiir at or below that temperature. The 
latter are the sources of all the odours diffused so widely through 
the vegetable kingdom ; and fiimish, also, some materials of great 
importance in the arts of life. The fixed oils are all obtained by 
pressure firom the fruits or seeds of plants, especially those of the 
Nut kind, all of which contain it in greater or less proportion. 
That in the greatest request is olit>e oil ; which is obtained both 
from the pulpy part of the fruit, and from the seeds ; that drawn 
from the former source is regarded as the best, being less liable 
than the other to become rancid. The olive tree was originally a 
native of Syria, Persia, and other hot countries in Asia ; but it 
has gradually extended itself over the South of Europe and the 
North of Africa. The cultivation of it has been principally 
attended to in times of peace, of which it was considered as the sym- 
bol. It is extremely profitable to the grower, if properly attended 
to. The young olive-plant bears at two years old; and in six 
years begins to repay the expense of cultivation, even if the 
ground beneath it be not made to yield any other crop. It con- 
tinues to be profitable for a long period, rivalling the oak in 
longevity, and bearing good crops when the trunk is reduced to a 
mere shell ; so that it is a common proverb where it is cultivated, 
— " If you want to leave a lasting inheritance to your children's 
children, plant an olive." Olive oil is very extensively used in 
the south of Europe, in the preparation of various dishes for the 
table, for consumption in lamps, for the manufacture of the 
superior kinds of soap, and for various other purposes. It is used 
very largely in this country, in spite of a heavy duty ; upwards of 
four millions of gallons having been imported in 1831, of which 
about half was exported again to other countries. 
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371. Rape oil is obtained from the seeds of a species of 
Brasaica, a plant closely allied to the Cabbage, which is cultiyated 
for that purpose in France and some parts of England. It is 
much used for burning in lamps; and has the advantage oyer 
others, that it remains fluid at a lower temperature. Linseed oil, 
which is obtained from the seeds of the Flax-plant, is of very 
general application in the arts ; especially in oil-painting and the 
composition of varnishes, for which it is particularly adapted by 
its property of drying on exposure to the air. This power may 
be increased by boiling the oil, which is then termed drying- oil; 
it is in this manner that printers'-ink, which is a sort of paint 
composed of oil and lampblack, is made to dry rapidly. The seed 
of the Hemp-plant yields an oil nearly as valuable ; and it has 
latdy been found that a large quantity may be extracted from the 
cotton-seed ; so that each of these three plants is valuable to man 
in two very different ways. The hard cake left after these oils 
have been pressed out from the seed is used for feeding cattle. 
Sun-flower and mustard seeds, also, yield a good oil, which is 
employed in the countries in which these plants abound, as a sub- 
stitute for other seed oils. A large quantity of oil is now obtained 
on the Continent of Europe, from the seeds of the Poppy. It 
was commonly supposed, when this oil was first introduced into 
use, that it must partake of the narcotic properties of the plant ; 
but this was erroneous, for oil, like starch, may often be separated 
from the peculiar juici's of the plant, without being influenced in 
the slightest degree by their properties. Poppy oil is a very useful 
one in the composition of varnishes, on account of its freedom 
from colour, and its drying quality; in the northern parts of 
France it is much used by soap-boilers. Oil is also obtained in 
many parts of the Continent, especially Switzerland, from Wal- 
nuts and Hazel-nuts ; it is much esteemed by vamishers for the 
game properties as Poppy Oil. The influence of climate on the 
production of oil, is well shown by the fact that, from these nuts, 
which in England would scarcely yield enough to repay the labour 
of extracting, half their weight of oil may be extracted in the 
South of Europe. Nearly the same may be said of the Beech, 
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from the kernels of which about 27 per cent, of oil is obtained in 
some parts of France and Germany. 

372. Another important yegetable oU is that known under 
the name of Palm Oil ; it is obtained from the fruit of two species 
of Palm which grow in several parts of Africa, espedallj in 
Senegal. One of these is named Cocos butyracea^ from the buttery 
nature of its oil, which is much employed by the natives along 
the Gk>ld Coast as an article of diet, and which, when fresh, is 
delicate and wholesome. It is imported into Britain in large 
quantities, chiefly for the soap-maker and perfrimer. The quan- 
tity retained for home consumption in 1839, was 276,000 hundred- 
weight. The oil is contained in the kernels of the nuts, which 
are not very different from those commonly known as Cocoa-nuts ; 
these last, also, yield a large quantity of oO, which congeals, at 
the ordinary temperature of the air, into a white &tty substance. 
In Ceylon, where this fruit is most abundantly produced, its oil 
is employed by the natives for a great variety of purposes. It 
makes a most excellent lamp-oil, except from its tendency to 
congeal by a slight amount of cold ; and for this purpose it is 
employed by the Cingalese, whose greatest consumption of it^ 
however, is for the anointing their bodies. In this country a pro- 
cess has been discovered, by which the oil may be s^arated into 
two parts; one resembling fat, which may be implied to the 
making of candles ; whilst the other is as fluid as most oth^ 
oils, and is particularly adapted for lamps. The oil is also well 
adapted to the wants of the soap-maker. Its consumption in 
Britain is much increasing; in the year 1839, nearly 40,000 
hundred-weight of the oil was employed in various ways in this 
country, and upwards of four million pounds of the nuts were 
imported. The oil known as Ben-oil is of more importance tiiaa 
might be supposed from the small quantity of it introduced into 
this country. It is produced from a tree, growing in the East 
Indies, Eg3rpt, and the Levant, which belongs to the same gnn^ 
with the Tamarind. The peculiarity of Uiis oil consists in its 
very slight tendency to become rancid, and its perfect freedom 
from smell; on which account it is much used by the perfumers, 
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to retain the scent of the more fragrant oils. At a low temper- 
ature it separates into two parts, the one solid and the other liquid ; 
and the latter is employed by watchmakers, in preference to any 
other oil, for lubricating their delicate works, on account of its 
having no action upon the metals. 

373. The essential or vdaiile oils are mostly obtained from the 
leaves or flowers of plants ; sometimes, however, they exist in the 
wood and bark, or in seeds. In all instances they possess a powerfril 
scent ; and the degree of this depends upon the tendency which 
the fr:Bgrant oil has to difiuse itself. In some of the most odorous 
flowers this tendency is so great that the oil cannot be procured in a 
separate form ; and their perfrime is obtained by causing the flowers 
to impart it to some fixed oil ; for which purpose Ben oil is pre- 
ferred where it can be obtained. The volatile oils are not easily 
obtained by pressure ; but are readily driven oflF by heat ; but this 
must not be so great for the most diffusible as that of boiling water. 
To communicate the frngrance of flowers to a fixed oil, cotton 
soaked in it is placed in alternate layers with the flowers whose 
scent is to be obtained, so as to fill a close vessel, which is then placed 
in hot water for twenty-four hours ; during this time, the fixed oil 
will have imbibed the rich perfume of the flowers, and it is then 
separated frx>m the cotton by pressure. 

374. The essential oils which are somewhat less volatile may 
be obtained by distillation, in the same manner as spirits. The 
substances which yield them are put into a vessel, with water to 
prevent their being over-heated. When the water is boiled, the 
oil passes away with the steam ; and, when both are condensed, 
it floats upon the surface of the water. A large number of 
oils possessing great fragrance and strong taste may thus be ob- 
tained from different kinds of plants ; and these oils are used in 
perfrmiery, in confectionary, and in medicine. The oils of Roses, 
Lavender, Chamomile, &c. are distilled from the flowers ; those 
of the various plants of the Mint kind — ^Peppermint, Spearmint, 
Pennyroyal, &c., from the leaves and stems, which contain a num- 
ber of little receptacles near their surface ; that of Sassafras from 
the wood ; that of Cinnamon from the bark ; that of Carraway, 
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Anise, Fennel, and other Umbelliferous plants, from the coats 
of their seeds, in which they are stored up in little receptacles ; 
that of Lemons from similar little receptacles in the rind of 
the fruit ; and that of Nutmeg from the seed itself. Many of these 
oils contain Camphor, which may be separated from them by ex- 
posure to cold. Sometimes the secretion of volatile oil is so abun- 
dant, as to make itself perceptible in the atmosphere around, to other 
senses besides smell. Thus the Fraxinella gives off so much from 
its leaves, that the air in its neighbourhood is highly inflammable 
in warm weather. There are some substances which seem to con- 
tain the materials of an essential oil, rather than the oil itself. Thus 
when water is added to flower of Mustard, an acrid and volatile oil 
is produced^ very irritating to the eyes ; yet no evidence of its ex- 
istence can be obtained wiUiout the addition of water, so that the 
latter probably occasions some change of composition by which 
the oil is produced. The volatile oil of Bitter Almonds seems to 
be produced in a similar manner. Perhaps the increased fragrance 
of our gardens after a shower of rain is due to a similar cause. 

375, Into the particular uses of the foregoing oils, this would 
not be the place to enter ; some of them will be noticed in the 
description of the several orders to which the plants that yield 
them belong. There are other volatile oils of much more import- 
ance in the arts and manufactures, which must next be noticed. 
One of the best-known of these is Oil of turpentine, (commonly 
termed Spirit of turpentine) which exists in combination with 
resin, forming what is commonly known as Turpentine, in all the 
trees of the Pine and Fir tribe, as well as in some others. The 
Turpentine is usually contained in special receptacles in the sub- 
stance of the wood ; but sometimes it collects in blisters under- 
neath the bark, which appear during the strong heats of sum- 
mer. It flows from these as a limpid juice, which thickens on 
exposure to the atmosphere, when incisions are made into the 
^tem. The common Turpentine is obtained from the Scotch Fir, 
when growing in the South of Europe, and the Southern part of 
North America ; but it cannot be procured in any large quantity 
from the same tree when growing in Great Britain, Superior 
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kinds are drawn from the Pistacia of Scio, and from the Larch in 
Southern Europe. Tuipentine is not itself £^plied to any impor- 
tant use ; but the two substances which it contains, — the volatile 
oil and the resin, — both serve many purposes. They are separated 
by distilling the Turpentine with water ; which causes the volatile 
oil to pass over, leaving the resin behind. Oil of Turpentine is ex- 
tremely useful from its power of dissolving resins, which form the 
basis of most varnishes ; and from its great volatility, it quickly flies 
off or dries away, leaving a thin coat of the varnishing substance 
fixed to the surface on which it has been applied. The most 
extensive use, however, to which it is put, is that of diluting oil 
colours, so that they will flow freely from the painter s brush. No 
other known fluid would answer this purpose ; for it is the only 
one which will mix readily with the paint, (diluting its thick oil, 
as water would dilute a syrup or gummy fluid,) without in the 
least degree affecting its essential properties, — ^and which will 
abo dry rapidly. 

376. The very important substances known as tar and pitch 
are also obtained fi?om trees of the same kind ; and they may in 
fisK^ be regarded as impure turpentines, altered by the heat em- 
ployed to separate them. A sort of kiln is built up of billets of 
wood ; and round the bottom of this is a channel for drawing off 
the fluid which runs down whilst the wood is being burned. Tar 
may be made horn trees which no longer yield turpentine, and 
also from those which have partially decayed on the ground. Pitch 
is tar deprived of its more volatile part ; this may be separated 
either by distilling off the oil, which is an inferior oil of turpentine, 
or by burning it ; in the last process, the volatile oil, being the 
most readily set on fire, is burned away, and the resinous part re- 
mains. In this manner, two barrels of tar will produce one of 
pitch ; and besides the oil, an acid passes off, by the distillation 
of tar, which much resembles that obtained during the burning of 
wood from charcoal, and hereafter to be mentioned under the 
name of the pyrdigneous. 

377- Several other Resins are yielded by plants; some of 
which, commonly termed GumSy are of service in various arts* 
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Such is Copal, which is obtained from a species of Sumach ; hut 
though the tree will readily grow in North America and in 
England, it requires the heat of a tropical climate to perfect it» 
juice ; and most of this product comes from Africa. Copal ia 
much valued as a varnish, on account of its hardness and transpa- 
rency ; which qualities cause it to be employed for pictures, fine 
woodwork, and other similar purposes. Mastic is another resin,, 
which is used for similar purposes, and is obtained from a tree 
termed the Lentisk, nearly similar to that which yields the Chian 
turpentine. Incisions are made in the trunk and branches during 
the hottest parts of the summer ; and the liquid juice which flows 
from them, thickens almost immediately that it is exposed to the 
air, into little drops or tears. Dragons' Blood, so named from ii» 
red colour, is a resin which exudes in drops from the stem of 
several trees growing in the tropical parts of Asia, Africa, and 
America ; it is valued on account of the tinge which it imparts to 
spirit of wine, and is employed, when thus dissolved, in stidning 
marble and woods. The substance called Benjamin or Gum Ben- 
zoin, is also a resin secreted by a tree that grows in the tropical 
parts of Asia, especially in Siam and Sumatra. This tree grows 
very rapidly, so that it yields resinous juice when only six years 
old, its trunk being then about seven or eight inches in diameter. 
This resin has a very fragrant odour, which probably depends upon 
its having, mixed with it, a small quantity of essential oil. It is 
principally used in perfumery, and in the manufacture of pastilles, 
or incense, which, when burned, diffuse an agreeable odour. Hence 
the principal consumption of it is in the churches of Roman Ca- 
tholic and Mohamedan countries ; and a much larger proportion 
of {hat brought to London is again exported, than is i:etained in 
tliis country. There are many other kinds of resin, of which small 
quantities are employed for particular purposes ; but the foregoing 
are those most valuable to mankind. 

378. Resinous matter, however, exists in other products which 
are termed Gum- Resins^ from the quantity of Gum they contain; 
and this enables them to be partly soluble in water, which pure 
lesins are not in the slightest degree. Some of these are valued oi 
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• Account of their fragrancy ; and have been employed in the incense 
burned in places of religious worship, from very early times. Thus 
we find in the earliest records, that the addition of fragrant odours 
was regarded as rendering the sacrifices ofiered to the Deity more 
acceptable ; and the same idea seems to prevail in many christian 
as well as heathen countries at the present time. Frankincense is 
one of these substances ; it is produced from a kind of Juniper 
. growing in Arabia. Olibanum is another of similar character, also 
produced by a species of Juniper ; and^ Mjrrrh is nearly allied to 
these, but the source of it is uncertain. Gamboge is a gum-resin 
of very difierent properties, which is the product of several dififerent 
kinds of trees growing in Ceylon, Siam, and Cochin China. It 
fi^ws out in a liquid form when incisions are made in the bark, and 
is afterwards made solid by the heat of the sun ; but it also occa- 
sionally exudes from the surface in tears. When rubbed with 
water, it forms a bright yellow fluid, which is much employed in 
water-colour drawing; the water dissolves the gum, whilst the 
resin remains suspended in the form of very minute particles, 
which may be seen with the microscope. The whole is dissolved in 
spirit of wine ; and this solution is used as a lacquer, to heighten 
the colour of brass- work, by its golden hue. Gamboge is also a 
powerful medicine, having a violent purgative efiect ; and with 
aloes it is the principal active ingredient in the nostrum known 
under the name of Morison s Pills.* 

379. The true Gums, may next be noticed; these are dis- 
tinguished from the previous substances, by their being entirely 
soluble in water, whilst spirit of wine does not act upon them. 
Their solution in water is a thick adhesive fluid, which is used for 
many purposes in the arts. It serves to unite substances together 
in the same manner as glue ; and may be used in cases where heat 
is undesirable. Its chief employment, however, is in calico-printing, 

* It is probably to the bad mixture of the ingredients, by which an undue 
proportion of this active substance has been contained in a particular batch of 
pills, that some of the deaths which have occurred from their use, are to be 
attributed ; and in other instances they have resulted from the enormous num- 
4»er of pills taken. 
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being used to stiffen the cloth before the colours are applied, 
so that they are prevented from running into each other and 
becoming indistinct. As all trees contain gum in their sap 
(§ 328.), it might be obtained in some degree from any; but it 
naturally exudes in large amount from some kinds, which, there- 
fore, yield it most readily when incisions are made in the bark. 
The kind of gum termed Gum Arabic, which is the one most 
yalued, is obtained from a species of Acacia, which flourishes in 
almost erery part of Arabia and Middle Africa ; but it is only in 
the hottest regions, that the gum is produced in much abundance. 
When the tree first opens its flowers, the gum begins to exude 
spontaneously from the bark of the trunk and branches ; in the 
same manner as it is often seen to do from the cherry-tree in this 
country. In the spring, however, when the weather is very dry, 
the gum can only be obtained by incisions made in the bark. 

380. Gum Senegal is similar to Gum Arabic, being obtained 
from a kind of Acacia difleiing very little from that which yidds 
the latter ; but it is of inferior quality. Gum Tragacanth, which 
is obtained from a low prickly shrub growing in the Levant, is in 
some respects different from the foregoing. It does not dissolve 
freely in water ; but forms a thick mucilage with a certain definite 
proportion of it. If this be mixed with a larger quantity of 
water, it will separate again after a time and fall to the bottom, 
leaving very little gum in the water above. This gum is employed 
in some kinds of calico-printing, in which the chemical action of 
the dyes on the other gums would injure their qualities. The 
plant which yields this gum would flourish in England ; but it 
can here only prepare enough of it for its own support, and only 
possesses a superfluity under the influence of a warmer climate. A 
large quantity of a gum resembling HxaA of the Acacia, may be 
obtained from the various species of lichen growing in this country, 
by the action of hot water. The similarity of starch to gum has 
been already noticed, and some of the sources from which it may 
be obtained have been pointed out ; and it is here, therefore, only 
desirable to add, that the gum obtained from starch is much used 
in the arts, especially for the purpose of stiffening different 
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fabrics, on which account it is employed largely by calico-printers, 
under the name of British Gum. 

381. The next Vegetable secretion to be noticed is Wax; 
which, though commonly supposed to be formed by the Bee alone, 
is undoubtedly present in many plants also. It may be seen in 
the form of minute scales upon the outer surface of the Plum and 
other stone fruits, forming what is known as the bloom ; and it is 
by the existence of a thin coating of it, that the leaves of the 
Cabbage, Tropasolum (Sturtion), and other plants are enabled to 
resist moisture. Wax may be obtained by heat, though in small 
quantity, from the poplar, alder, and several other plants ; but it 
exists in such abundance in the fruit of a Virginian myrtle, that 
it has received the name of candle-berry. In the parts of the 
country where this tree abounds, it is quite worth while to 
collect the berries for the wax they yield, which, when made into 
candles, burns with peculiar brightness and freedom from smoke, 
at the same time giving off a fragrant odour. Another wax- 
bearing tree exists in South Africa ; and the substance yielded by 
its berries, which is made into candles by the Dutch, is greedily 
eaten by the Hottentots. In South America there is a kind of 
palm, the leaves of which have their surface covered with minute 
scales of wax, which separate when they are dried in the shade ; 
and of this wax, mixed with a small proportion of tallow to avoid 
brittleness, excellent candles may be made. The leaves are so 
little permeable to moisture, that they may be used as coverings 
for houses ; and they have been known to sustain the vicissitudes 
of weather for twenty years in such situations, without requiring 
to be renewed. The pith and the fruit of this palm also furnish 
a nutritious food for man and cattle ; and the wood is useful in 
building houses, making fences, &c. ; so that it is a very important 
tree in the district in which it abounds. Another species of Wax 
Palm is found in the more elevated parts of South America; 
growing on the mountain ranges, to the prodigious height of an 
hundred and sixty feet. The wax here exists in the form of a 
kind of varnish covering the trunk. 

382. A substance nearly resembling Tallow is yielded by a 
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tree named the Croton sebiferum^ which grows abundantly in 
China, and is described as being the largest, the most useRil, and 
the most widely diffused, of any of the plants of that comitry. 
It imitates the oak in the height of the stem and the spread of its 
branches. The seed-ressels are hard brownish husks, not unlike 
those of chestnuts ; and each of them contains three round white 
kernels, about the size and shape of hazel-nuts, having small 
stones in their interior, around which the fattj matter exists. 
From the kernel of the stone, an oil fit for burning in lamps may 
be pressed. Almost all the candles burnt in the southern pro- 
vinces of China are made from this vegetable tallow, there being 
very few sheep in that part of the country ; but it does not bum 
so well as animal fat. A tree abounds on the Malabar coast of 
India, termed the Piney, which bears a pulpy fruit that yields a 
large quantity of very solid tallow, almost approaching wax in 
firmness, and very superior for the manufacture of candles to 
animal fat. It is not applied to that use by the natives, however, 
who (on account of the heat of the climate which prevents the 
employment of common tallow candles,) are accustomed to bum 
lamps only, which are fed with vegetable oil. This vegetable 
tallow might probably be imported in great abiindance, and at a 
low rate into this country. 

383. The last inflammable substance secreted by Plants whidi 
will here be noticed, is Camphor^ which is much used in the com- 
position of varnishes, besides its employment in medicine. Al- 
though chiefly obtained from a species of Laurel growing in the 
East Indies (where it attains the size of an oak) it exists in 
numerous plants, especially those pelding aromatic oils. Camphor 
differs in some degree in its properties, according to the way in 
which it is obtained. In general, pieces of the roots are put into 
an iron vessel, within the cover of which (fitted closely down) 
are cords of rice straw. When the lower part is heated, the 
camphor is raised into vapour, and condenses again on the straw 
above. In old trees, however, the camphor is sometimes found, 
on splitting the trunk, to exist in a very pure state, in the form of 
small concretions or tears, in the interior. This camphor under- 
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^oes little loss by exposure to the air ; whilst that obtained by 
heat very rapidly evaporates. Besides the uses of this substance 
already noticed, it should be mentioned that camphor is valuable 
>as a preservative of specimens of Natural History against the 
depredations of insects ; and the most effectual way of applying 
it, is to have the cases made of the wood of the Camphor tree, 
which is of a white colour, easy to work, and durable. 

384 Opium is the next vegetable secretion which we shall 
here notice ; and this rather on account of its importance in 
medicine, than because of the large quantity produced, which is 
mostly employed in a manner injurious rather than beneficial to 
mankind. Opium is contained, in small amount, in the milky 
juices of many plants ; but especially in those of the PapaveracecR^ 
or Poppy tribe. The species which yields it most abundantly is 
the White Poppy (P, somniferum) ; but this does not produce 
it in any large amount in temperate climates, and is cultivated in 
Europe chiefly for the oil yielded by its seeds (§ 371.)- The juice 
is obtained by making incisions in the capsules or seed-vessels 
{commonly termed heads) whilst they are quite green ; and that 
which hardens upon them is scraped off. Many kinds of opium 
are known to the importers of drugs ; but their difference only 
results from the varieties of climate in which they are grown, and 
from the moie in which the juice is obtained and prepared. 
Some kinds are very much adulterated. More opium is now 
raised in Hindostan than in any other country ; and the principal 
demand for it has been in China. Opium is a substance of very 
compound nature. A large proportion of it consists of a gum 
soluble in water; there is also, however, a small quantity of 
resin and of caoutchouc. The ingredients which act so power- 
fully on the animal body, however, constitute but a very small 
proportion of the whole. The most important of these are two 
substances of an alkaline character (being capable of uniting with 
acids to folm a salt) which are named Morphia and Narcotine. 
The properties of the first of these are directly sedative ; that is, 
it causes sleep or the relief of pain, without any previous excite- 
ment. The first effect of Narcotine, on the other hand, is to 
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stimulate. These alkalies exist in the opium in combination 'with 
a peculiar vegetable acid termed the meconie ; and they are se- 
parated by chemical processes, since, in order that their medidnal 
effects may be most advantageously produced, it is deairaUe to 
administer them separately. 

385. The chief consumption of opiUm, however, is unfortu- 
nately not for the purpose of curing disease, or of relieving pain, 
but for the production of a species of intoxication, the constant in- 
dulgence in which has a great tendency to degrade the mind and 
to enfeeble the body. Tlie quantity necessary to produce the desired 
effect increases with habit ; so that the confirmed opium-eater often 
takes as his single dose, repeated many times through the day, a 
quantity sufficient to poison any one unaccustomed to its use. The 
practice of taking opium often commences with the occasional use 
of it for the purpose of allaying pain or procuring sleep ; and those 
who are obliged to have occasional recourse to it for this purpose, 
should be on their guard against taking it more frequently tlum is 
absolutely necessary. For such persons, m<H^hia is the most de- 
sirable medicine ; since it produces more completely the effects they 
desire, without that excitement to the nervous system which leads 
to the employment of it as a source of pleasure. The quantity of 
this drug annually consumed in England may be stated at about 
35,000 lbs. ; whilst that which has been introduced into China, in 
spite of the laws which prohibit it, has for some years averaged 
more than 3^ millions of pounds, the value of which considerably 
exceeded that of the tea exported. The quantity seized by the Chi- 
nese government in March, 1839, was upwards of three million 
pounds. 

386. We shall next notice some of the principal colouring 
matters secreted by plants. On these are dependent the varied 
hues so beautifully and abundantly distributed through the vege- 
table kingdom ; of which some at once delight the eye of man, whilst 
gazing upon the garden, the meadow, or the forest ; whilst others, 
extracted from the interior, even of plants of the dullest aspect, 
contribute to his comfort and luxury in various ways. The colour- 
ing secretion most universally diffused through plants, is that 
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termed chromule, (m which the colour of all green parts depends. 
It is found in little grains, which adhere to the inside of the cells 
heneath the cuticle ; and the formation of it is due, as formerly 
stated (§ 288.) to the influence of light in fixing carbon from the 
atmosphere. The brightness of this green colour soon disappears 
after the death of the part ; and it is not unfrequently seen to alter 
its hue, whilst vital actions are going on in it. Thus the leaves of 
many trees, as the Lombsffdy Poplar, change to yellow in autumn, 
long before their fall ; whilst others, as the Berberry, Sumach, &c., 
turn to red. This alteration is due to an increased absorption 
of oxygen, which is no longer given out by day ; and the chromule 
may be artificially converted, by the action of acids, first into a 
yellow and then into a red. The red colour of many flowers pos- 
sesses the same properties as that of leaves when thus altered ; and 
this fiict will possess a higher degree of interest, when it is shown, 
as it hereafter will be (Chap. XII.), that the leafy parts of flowers 
have the same general structure as leaves, and often difier very 
little from them. It is further probable that all the colours of 
flowers are caused by the presence of chromule, altered by various 
chemical means ; in all instances it may be seen that these colours 
exist in the same parts, — ^namely, minute globules contained 
within the cells. It has been observed that the colours of many 
flowers may be greatly changed by cultivation ; in some species, 
as the Dahlia and Poppy, great varieties occur without any obvious 
cause, — ^the seeds of the same parent, raised in the same soil, pro- 
ducing flowers of extremely difierent hues ; whilst in other cases, 
the hue is manifestly influenced to a great degree by the nature of 
the soil. It has been ascertained, however, that these varieties 
are not beyond the controul of general principles. The colours of 
flowers may be arranged in two series, as under. 

Green. 
Greenish-blue Yellow-green \ 

YeUow / 



Blue 
Blue series. < Violet-blue 

Violet 
Violet-red 



Orange- Yellow V Yellow series. 
Orange V 

Orange-red y 



Red. 
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Flowers belonging to the yellow series may pass into red or white, 
with all intermediate shades, but never into complete blue ; — ^this 
is the case with the Dahlia, the original colour of which was 
yellow, and with the garden Ranunculus, which presents every 
gradation from red to green. On the other hand, the Hyacinth 
passes through all the gradations in the blue series, from green, 
through blue, to red ; but never becomes yellow. 

387. The colouring matter of rapidly-growing parts has seldom 
sufficient permanence, when removed from the plant, to render it 
valuable for the purpose of staining cloth. Sec. ; and the substances 
used for this purpose in the arts of the dyer, calico-printer, &c., 
are chiefly obtained from the heart- wood, roots, or bark ; some- 
times, however, from the softer parts, as the leaves and fruit. The 
principal dyes, by the combination of which all varieties of shade 
may be produced, are blue, violet, red, yellow, fawn, and black ; 
and substances jdelding all these are produced in abundance by 
difierent tribes of plants. 

388. Of all the blue dyes. Indigo is the nlost important. This 
is obtained from the juices of several difi^erent species of plants, of 
which some grow in almost all parts of the torrid zone. These 
plants are raised from seed, and are of very rapid growth, — being 
ready for cutting at the end of two months. A subsequent growth 
from the same roots is again ready for the sickle in six or eight 
weeks ; and more may be subsequently obtained. In India, it is 
not considered advantageous to obtain more than four crops from 
the same seed, as the produce of each is less than that of the pre- 
ceding ; but in Egypt, the seed is sown only once in seven years, 
and two crops are obtained in each year. The indigo, which seems 
to be nothing else than the chromule of the plant, is usually ex- 
tracted by fermentation. The plants are laid in a vat, and covered 
with water ; and in about 18 hours they begin to swell, and to give 
ofi^ a large quantity of gas, — the water at the same time acquiring 
a green tinge. This process is allowed to go on, until the colouring- 
matter of the vegetable tissue has been entirely yielded to the 
water ; but if it continue too long, so that any putrefaction take 
place, the dye is destroyed. The fluid is then drawn off into 
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another vat, where it is violently agitated, for the purpose of sepa- 
rating the pulp from the water. The former consists of little grains, 
which, during the process, turn from green to blue by attracting 
oxygen from the air ; and, by further processes, it is dried into a 
solid mass, constituting the indigo of commerce. Nearly all the 
indigo imported into Britain is produced in the East Indies ; its 
amount averages about seven millions of pounds every year, of 
which, however, more than half is exported again, chiefly to the 
North of Europe and Italy. Owing to the great variation in the 
productiveness of the crops, the price of Indigo is almost constantly 
changing. In the season 1824-5, it was nearly 11«. 6</. a pound; 
whilst in the season 1829-30, owing to an over-abundant supply, 
it was only 4«. 4dd, At the former rate, the value of the average 
quantity annually imported would be about /owr millions sterling : 
and at the latter, ^arcely above one and a half* 

389. This valuable dye has so strong an attraction for almost 
every kind of fibrous texture, whether animal (as woollen or silk), 
or vegetable (as linen or cotton), that it will impart to it a per- 
manent colour without the assistance of a mordant.* In order to 
apply it, however, it must be dissolved in water ; and this can 
only be accomplished by a change in its chemical nature, which 
restores it to its original yellow-green colour ; the stuff's, after 
being dyed, change again to blue by exposure to the air. This 
process appears to injure in some degree the durability of the 
colour ; and it is preferable to apply the dye when first separated 
from the plant. The brilliant blue cloths of Africa and China, 
which are superior to those of any other part of the globe, are 
produced in this manner. 

390. The juices of several plants, growing in the different coun- 
tries of the East, are used by the natives of those countries in the 
same manner as Indigo, and might probably furnish a good substi- 
tute for it, if prepared with sufficient care. The use of Indigo as a 

* Mordants are substances used in dyeing and calico-printing, to hold toge. 
ther the particles of the texture dyed, and those of the dyeing material, when 
these have not a sufficient attraction for each other. If not ro united, many 
colours would be washed off as readily as they are laid on. 
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dye, on a large locale, is coniparatiyely recent. It was not until 
long after the discoverj of America that it was commoiily 
employed in England ; and the use of it was forbidden by the 
governments of some European countries, from the fear that it 
would supersede the use of Wcctd^ which was then very exten- 
sively cultivated. This dye was known to tlie Ancient Britons, 
who stained their bodies with it ; and it was the principal blue 
dye, until the introduction of indigo. Its colour is much less 
lively than that of Indigo, but it is more durable ; hence it is 
commonly employed in union with that and other dyes, but 
seldom now by itself. Woad (hatia Satiffo) is cultivated in 
many parts of Europe ; and is grown in considerable amount in 
Lancashire. Its stem is about three or four feet high, and about 
half an inch in diameter ; it divides into many branches, which 
are loaded with leaves. It is cut down with a scythe when the 
flowers are about to appear ; and afterwards at intervals of about 
six weeks ; — three or four crops being usually obtained in one 
year. The plants are first washed ; and then dried in the sun, 
without which they will begin to putrefy, their green colour 
turning black. They are then conveyed to a mill, where ihej are 
ground into a paste. This paste is afterwards subjected to several 
processes for the purpose of drying it. It is finally used 
nearly in the same manner as indigo ; with which, indeed, its 
colouring matter, if extracted in the same manner, is found to be 
nearly identical. 

391. A Violet hue is easily given to cloth, by mixing blue 
and red dyes in any required proportion ; but there are some 
plants which yield a violet or purple dye, without any admixture. 
The chief of these is Logwood^ the produce of a tree growing in 
the bays of Campeachy and Honduras, — the native country of 
the Mahogany. When Logwood was first introduced into this 
country as a dye, the use of it was forbidden by Government on 
account of its "deceitful" character ; the colour it communicated 
being fair to the eye, but speedily departing. The art of fixing it 
by mordants, however, being afterwardsdiscovered, this substance 
came into general use; and it is now imported largely firom 
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Jamaica, as well as from its original country. The part which 
yields this dye is the heart-wood; this is hard and heavy, in 
consequence of the amount of secreted matter contained in it ; 
and it yields its colour readily to water, when this is boiled upon 
its chips. The deep violet or purple hue of the fluid first changes 
to a yellowish tint, and finally becomes black; but this change may 
be prevented by the use of proper mordants. The chief use of 
this substance, however, is in dyeing black, and in producing all 
shades of grey. The quantity imported into Britain in 1839 was 
23,000 tons, the value of which was above £ 180,000. 

392. The principal Bed dye obtained firom the vegetable 
kingdom is Madder^ the produce of the Bubia tinetoria^ a plant 
which grows naturally in the Levant, and is cultivated with 
success in the South of Europe ; its cultivation does not answer 
in England. The colouring-matter is obtained firom the roots, 
and is not sufficiently formed until the third year ; the roots are 
taken up in the autumn, after the leaves have fallen off. 
They are then carefully cleaned, dried, and reduced to powder. 
A great variety of colours, varying from lilac to black, and from 
pink to deep red, may be produced by the applicatien of different 
mordants to the stuff, before it is placed in the madder. These 
are partly due to the intermixture in this substance, of two 
distinct colouring principles, a fawn and a red. The latter, if 
separated from the other, is much more brilliant ; and various 
processes have been devised for the purpose; The best of these 
requires that undried roots should be employed ; and these are 
largely imported into this country for the purpose. The quantity 
of madder employed in Britain in 1838 was upwards of five 
thousand tons ; and of the roots, more than four thousand. The 
value of these would be together about £600,000. 

393. Another valuable Red dye, is obtained firom the wood of 
the Ccesalpinia CTi%ta^ commonly known as BrnzU wood. 
Though abundant in that part of South America, the tree is a 

* An allied species of Mihis tree, the C. pluviosa, also a native of Brazil, is 
remarkable for a constant flow of water from the points of leaves, which falls 
down in drops, like a shower of rain. 
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native of other parts of the world ; and it was known under its 
present common name before the discovery of that country. And, 
in fact, the portion of that continent which bears the name of 
Brazil, was so named in consequence of the numbers of these 
trees which were found growing there. As in the case of Log- 
wood, it is only the duramen (J 131.) of this tree which is of any 
service; the remainder being colourless. The colour obtained 
from this wood is brilliant ; but it is not so permanent €ts that of 
many other substances. It is generally used to heighten the effect 
of other dyes. Red ink is commonly made by boiling this wood in 
beer, wine, or vinegar, to which alum has been added. Of late years 
the consumption of this wood in Britain has much diminished ; 
whilst thac of another kind, termed Peach-wood, or Nicaragua- 
wood (so named from the Gulf of Nicaragua, whence it was first 
imported into England) has greatly increased, so as to be now 
nearly double the first. The colour obtained from it, is brighter 
and more delicate than that 3delded by Brazil-wood. 

394. Another red dye, now largely employed in England, is 
obtained from a Lichen, commonly termed OrckiUa^ which abounds 
ia the Canary and Cape de Verd Islands, and which is sometimes 
found (though of inferior quality) on the rocks of Guernsey and 
the Isle of Portland. The plant is usually imported without any 
preparation ; and it is afterwards dried and reduced to powder, 
and altered in its character by chemical processes, the result of 
which is a deep red powder, known as Archil or cudbear ^ the in- 
fusion of which is of a crimson colour bordering on violet. It is 
seldom used by itself, as its colour is not permanent ; but it is 
chiefly employed to give a brightness to the hues of stuffs dyed 
with other substances. Several other red dyes might be enume- 
rated, which are used in small quantities for particular purposes. 
Among the most important of these is AUcanet^ which is obtained 
from the roots of the Anchusa tinctoria^ a native of the Levant 
and the warmer parts of Europe, but grown also in England. 
This colouring principle is not soluble in water ; but it gives a 
deep red colour to oils, wax, and unctuous substances. It is con- 
sequently used chiefly to colour oils, ointments, lip-salves, &c. ; 



YELLOW dies; — WELD, QUERCITRON. 239 

and it is sometimes applied to the staining of wood, when dis- 
solved in oil. Notwithstanding the apparent insignificance of 
these purposes, above 50,000 lbs. of it are annually imported into 
this country for home use, besides what is raised in Britain. 

395. Many good Yellow dyes may be obtained frova. plants ; 
and the most important of all those used in Britain is procured 
from a plant of native growth, — Weld^ or Wold^ or (as it is some- 
times called) dyer's weed. This grows spontaneously in many 
parts of the country on uncultivated wastes, and is a very hardy 
plant, preserving its verdure through frost and drought. It is 
nearly allied to the mignionette; but is a much taller plant, 
attaining the height of three feet before blooming. It takes two 
years to come to maturity, and is gathered whilst the seed is 
ripening* The plants are dried, and then transferred to the dyer, 
who at once extracts the colour by boiling ; there is reason to 
believe, however, that the seeds contain th« really important part, 
and that, if they be saved, the trouble which arises from the bulk 
of the whole plant, may be avoided. The colour is also separated, 
in the form of a yellow powder, for the use of the paper-stainers 
who employ much of it. A much larger quantity of weld is used 
in Eagland than is supplied by cultivation, and it is consequently 
imported from abroad. This is much to be regretted ; as there is 
good reason to believe that it will thrive and yield a handsome 
profit on lands so poor as not ta be profitably cultivated in any 
other way. 

396. Another very excellent yellow dye is obtained from the 
bark of the Quercus tinctoria^ or Quercitron, a species of Oak 
common in America, the timber of which is employed largely in 
building. This bark is employed in the United States for tanning ; 
and its colour being considered a defect, this is removed by a che- 
mical process. More than a thousand tons of it, however, are 
annually imported into Britain : and it is here much valued on 
account of the number of diflferent shades of colour which it may 
be made to produce, as well as on account of its superior dura- 
bility. A much greater demand exists, however, for the dye 
termed Fustic^ which is extracted from the wood of a species of 
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Mulberry tree that grows spontaneouslj in Brazil and the West 
Indies. It does not yield abore one-fourth the amount of colour- 
ing matter obtained from quercitron, and its colour is not so 
lively ; but it is more efficient in combination with some other 
dyes, and is used with indigo to dye Saxon green, and with salts 
of iron for drab. 

397- Amatto is another dye of a reddish yellow, employed 
for particular purposes; it is obtained from the crimson pulp 
lying between the husk and the seeds of the Amatto tree, wlii(^ 
is a native of both the East and West Indies. It is brought to 
this country in cakes, which are made by boiling down the pu^ ; 
and these are of a brownish red, giving a bright orange, when 
dissolved in water with the addition of an alkali. Its hae 
is not permanent, however ; and it is seldom employed by itsd^ 
except for giving colour to cheese, for which it is valued on 
account of the ready communication of its colour without im- 
parting any unpleasant flavour or unwholesome quality. One of 
the most beautiful yellow colouring substances is that known as 
Saffron ; but it is too expensive to be much employed by dyers. 
Its chief use is in medicinal and culinary preparations, to which 
it imparts its brilliant hue and agreeable flavour. Saffron is the 
product of a kind of Crocus, which is cultivated in Elngland, as 
well as in France and Spain. This plant flowers in October, and 
the flowers are gathered, even before they are foil-blown. The 
stigmata^ or points of the pistils (§ 434.), of these flowers, are 
then picked off; and the rest of the flower is thrown by as useless. 
These little bodies, constituting the Saffron, are next very carefolly 
dried, and pressed between paper. Its high price results from the 
very small amount of it produced, even on good land ; even when 
the roots are planted thickly, the average quantity for the whole 
three years (beyond which they should not be allowed to remain 
in the ground,) being not above 26 lbs. per acre. Turmeric is. 
sometimes used as a substitute for Saffron, the colour it produces 
being very bright, though deficient in durability. This dye is 
procured from the roots of an East Indian plant named Curcuma 
longa. which has also been cultivated in the West Indian Islands 
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with success. These roots are not unlike ginger, either in figure or 
size ; and the dye brought to this country consists simply of the 
roots, either whole or reduced to powder. It is sometimes used to 
give brilliancy to other hues, and is employed as an ingredient 
in yellow varnishes. Several other plants affording yellow dyes 
might be enumerated ; but the foregoing are the chief. It may be 
mentioned, however, that the clothiers of some parts of Lancashire 
and Yorkshire make use of common Heath for their yellow and 
orange dyes ; this, with a proper mordant, is said to produce on 
woollen cloth a more beautiful colour than either weld or quer- 
citron ; but it is not so permanent. 

398. Almost all vegetables contain more or less colouring mat- 
ter, capable of affording^ww or brownish hues, inclining to yellow, 
red, or green. The dye chiefly employed for this purpose, however 
is obtained from the Sumach, a native of the south of Europe and of 
Syria. The shoots of this plant are cut down every year close to 
the root ; and after being dried, they are reduced to powder by 
means of a mill. An infusion of this powder yields a greenish 
fawn colour, which may be altered by mordants. The principal 
use of Sumach, however, is in dyeing black, in the manner pre- 
sently to be described. The colouring matter of the husks of 
walnuts forms an excellent dye for wool ; and it is much esteemed 
among the French dyers, for the agreeable and durable hues it 
affords without the assistance of mordants. Inorder to obtain 
this colouring matter, the husks are kept in water for a year or 
two ; after which they give out much more of it than when fresh. 
The Henna-yncQ^ which is employed by the ladies of the East for 
the purpose of staining their nails, is a very permanent brown dye ; 
the colour not disappearing until the substance of the nails is 
changed by growth. It is also employed for dyeing ordinary 
stuffs ; but it has not been introduced into this country. 

399. The vegetable kingdom affords several substances 
which are capable of themselves producing a permanent black dye ; 
but a much larger amount of such materials is required than could 
thus be obtained ; and the black coloui of our cloths and stuffs is 
procured by a chemical process, of which the vegetable kingdom 
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furnishes one important ingredient. This process consists in add- 
ing ^o/Z/c add to a solution of iron ; hy which an insoluhle bluish 
black substance, the gallate of iron, is immediately formed. 
If a cloth therefore, preyiously steeped in a solution of iron, be im- 
mersed in an infusion of any vegetable matter containing gallic 
acid, a black dye will be communicated to it. Almost all Te- 
getable substances haying an astringent taste contain gallic acid; 
but especially the Oak tribe. It is from the abundance of this 
acid in the Ghdl-nut (which is an excrescence resulting from a kind 
of inflammation, excited by a woimd of the soft tissue of the leaves 
or young shoots by the gall-fly,) that it takes its name. Gall-nats 
are not, however, formed upon the Oak of this country ; * but upon 
a smaller species which grows wild in the countries bordering on 
the Mediterranean. They are usually pounded and then boiled 
in water, in which the cloth is steeped ; and this is afterwards 
placed in the solution of iron (commonly termed copperas). The 
colour thus communicated b not a deep black, but rather a 
dark blue. It is improved by logwood, which is boiled with 
the copperas; and the stuff should have been previously 
dyed of a deep blue with indigo. A similar process is employed 
in the manufacture of common black writing-ink, which essentiaUy 
consists of gallate of iron suspended in water by means of a small 
quantity of gum ; and logwood is here also added to improve the 
colour. Galls are imported from the East Indies, as well as from 
Turkey ; but of late years they have been in less demand, in con- 
sequence of the introduction of another source, from which gallic 
acid may be obtained at a much cheaper rate. This is in the cups 
of the acorns of the Velani Oak, a species which grows abun- 
dantly in Greece, and in the maritime parts of Asia Minor. These 
cups, which do not contain gallic acid in the same proportion as 
gall-nuts, are known in commerce by the name of Valonia ; and 
in consequence of their cheapness (being only about one-fif);h the 
price of galls) the consumption of them is very great. During 
the year 1830, the quantity of gall-nuts employed in England was 
2,297 cwt ; whilst that of Valonia was 86,538 cwt. Many other 
* The Oak Apples, however, are similar formations* 
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astringent substances may be used as black dyes with iron ; and 
a good deal of the Sumach imported into Britain is used for this 
purpose, as are also walnut husks in France ; the shells of ches* 
nuts, too, have been employed, dlthough not profitably. In India, 
the juice of the fruit of the Myrobalans, which is not unUke a 
plum, is used for dyeing black with iron ; and when the pulpy 
portion is freed from the stone, which is useless, it contains more 
gallic acid than an equal weight of galls, and might be made a 
profitable article of commerce. 

400. From gallic acid we may naturally proceed to speak of 
the other acids which are produced by Vegetables. These are all, 
like the foregoing substances, formed by the plant itself, from the 
elementary bodies it receives as food ; and thus they may be re- 
garded as true products of vegetable secretion, and not as merely 
separated by the plant from the surrounding soil. In this last light 
we must' regard the earths and alkalies obtained from plants, and 
not as products of their secreting processes. The acid which is 
employed in largest quantity is the Tartaric, This is obtained 
from the crust that is deposited by wine, when kept a long time ; 
the amount of which depends chiefly upon the degree of acidity 
in the wine. The crust which goes by the name of Argol, chiefly 
consists of tartaric acid in combination with potash, forming what 
is commonly known as Cream of Tartar ; and this requires to be 
purified from its colouring matter and other impurities, before it 
can be employed in the arts. The acid is easily obtained in a se- 
parate form by chemical processes ; and it is employed for many 
piurposes which cannot be answered by the cream of tartar. Its 
chief use is in many processes of dyeing and calico-printing. 

401. Another vegetable acid much used in the arts is the 
Oxaiic^ which is well known as a violent poison. From the 
resemblance of its crystals, in size and general form, to those of 
Epsom salts, it has not unfrequently been administered by 
mistake, with the most dreadful consequences. This acid is 
found united with potash in the leaves of the Wood-sorrel and 
common Sorrel ; and the oxalate of potash is prepared fro^i their 
leaves in large quantities, in Switzerland and the neighbouring 
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countries, where these plants grow abundantly. Its long needle- 
like crystals may be seen lying amongst their tissues, if a thm 
section of the stem or leaf-stalks be placed \mder the microscope. 
This salt is known as Salt of Sorrel ; but it is sometimes sold 
under the name of Salt of Lemons, to which title it has no right 
whatever. The acid may be separated from it, as in the former 
instance ; and it is employed for many purposes by the dyer and 
calico-printer ; as well as for removing the stains of ink, iron- 
moulds, &c. which it does without injuring the texture of the 
stuff. 

402. The acid which gives sharpness to the juices of lemons, 
oranges, limes, and a variety of other fruits, and is known under 
the name of Citric acid, is likewise one which has many important 
uses, besides that of imparting a peculiarly refreshing character to 
these juices. It is largely employed by calico-printers, who now 
usually import their own lemon-juice, and concentrate it for 
themselves. At one time, the citric acid, which is not combined 
in the juice with any earth or alkali, was obtained by chemical 
processes in separate crystals ; but it is now found that the im- 
purities of the juice do not interfere with its use in calico- 
printing ; and it is employed for this purpose almost in its original 
state. For other purposes, however, pure citric acid is required ; 
and this is partly made in Sicily, where the Lemons are abun- 
dantly produced, and from which island, with the neighbouiing 
continent of Italy, the greater part of the juice consumed in 
Britain is imported. Pure citric acid is used in the preparation 
of the best morocco Leather ; for improving a beautiful scarlet 
dye produced by a preparation of tin ; and for altering the hue of 
some colours which are exclusively used in the dyeing of silk. 
Besides its use in the arts. Lemon-juice is very largely used in the 
navy for the purpose of preventing the complaint termed scurvy, 
which is very apt to be brought on by the continued use of salt 
meat. During long voyages, a regular allowance is made to each 
man, which he is required to use as a medicine. This, however, 
has been now rendered less necessary than formerly, since the art 
of preserving meats in a fresh state has been brought into geners^l 
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use. Citric acid exists in many of our commonest fruits, — such 
as the cranberry, cherry, red whortleberry, and the hip of the wild- 
briar ; whilst in the red gooseberry, the currant, the bilberry, the 
black cherry, the wood strawberry, and the raspberry, it is mixed 
with an equal proportion of medic acid, which exists alone in 
apples, pears, and other fruits. It is interesting to notice the uses 
of the acids in these situations. It has been formerly stated that 
gum or starch, when acted on by a vegetable acid with a moderate 
degree of heat, is converted into sugar ; and this is exactly what 
takes place in fruits during ripening, — which process consists in the 
conversion of the starch of the hard unripe fruit into sugar, 
without any diminution in the amount of acid, which is some- 
times indeed really increased, whilst its taste is concealed by the 
sugar. 

403. One more vegetable acid may be mentioned ; though it 
probably does not exist as such in the substance from which it is 
obtained, but is formed by the heat employed to set it free. 
This is pyroligneous acid, formerly called acid spirit of wood, 
which is procured by subjecting wood in closed iron retorts to a 
strong red-heat ; the vapour that is given off partly consists of 
this acid, mixed with tarry matter, which is separated by a second 
distillation. This acid, which in some degree resembles very 
strong vinegar, is used by the dyer and calico-printer ; and it is 
also employed for making pickles and other culinary preparations, 
in which an acid of great strength is required. The impure acid 
has been found to possess, in a remarkable degree, the power of 
checking the putrefaction of animal substances, even when applied 
in very small quantity ; this is due, however, not to the acid, but 
to a certain ingredient in the tarry matter which is mixed up 
with it, and which, when separated under the name of creosote^ is 
now well known as a valuable medicine, especially for the relief 
of tooth-ache. The discovery of the influence of this substance 
in controlling putrefaction would be of great value, if it were not 
that by no subsequent process of cooking can the tarry flavour 
communicated by it to the meat be got rid of. 
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404. Haying thus passed in review some of the most import- 
ant products afforded by the secreting processes of plants for man's 
use and benefit, and haying been obliged to confess our almost 
entire ignorance of the processes they serve in. the vegetablie eco- 
nomy, we might proceed to the next division of our subject ; but 
it would be wrong not to pause here for a moment, to contem- 
plate the important inferences which may be drawn from the 
foregoing details, in regard to the Power, Wisdom, and Goodness 
of the Almighty Designer. His power is scarcely anywhere more 
remarkably displayed, than in the immense variety of products 
which are elaborated out of the three simple elements — oxygen, hy- 
drogen and carbon, by processes, which, as far as we can understand 
them, appear to be of the most simple description. His Wisdom iis 
strikingly evinced in the diffusion of these products over the whole 
globe ; so that there is scarcely a country which does not natu- 
rally contain those which may be most useful to its inhabitants. 
And his Goodness is peculiarly manifested in the adaptation of 
these products — the formation of which (we can scarcely doubt, 
although we cannot understand,) must haye an object as regards 
the plants themselves — ^to the use of Man, in ministering to those 
vaiious wants, which have sprung out of his condition as a ration- 
al being, endowed with higher faculties and more varied powers 
of enjoyment than those of the beasts which perish, and yet de- 
pendent for the most favourable use of these, upon the judicious 
employment of the means with which a bountiful Providence has 
abundantly supplied him. The nourishment of man's body in 
health, his restoration in disease, the clothing that covers him, 
the varied hues which he can communicate to this, the colours 
which delight his eye in the verdant landscape, or in the skilfully 
painted picture, the odours which refresh his senses, the timber 
of which his habitations, his manufactories, his ships, are partly 
or wholly constructed, — these are but a few of the provisions 
which the benevolence of the Creator has made for his comfort, in 
the organization of the Vegetable World. Who, then, shall say 
that it is less fertile in the evidences of a Designing Providencf , 
than the Animal Creation ? 



CHAPTER XI. 

OF THE PRODUCTION OP LIGHT, HEAT AND ELECTRICITY BY 

PLANTS. — MOTIONS OF PLANTS. 

405. It has been already stated that, by the operation of these 
agents upon the Vegetable system, are chiefly maintained those 
changes which make up the life of each being. (§ 9.) If 
Light be withdrawn, several of the most important of these are 
speedily checked. If Heat be suspended, all of them directly 
cease. With regard to the influence of Electricity, less is known, 
and nothing can be positively stated. But Light, Heat, and 
Electricity are sometimes produced by plants, as well as required 
by them as conditions of their growth. 

406. There are few instances in which Li^kt is evolved from 
living Plants; but these few are very curious. Many flowers, espe- 
cially those of an orange colour, such as the Sun-flo"VA er. Marigold, 
Nasturtium, &c. have been seen to disengage light in serene and 
warm summer evenings, sometimes ir the form of sparks, sometimes 
with a steadier but more feeble glow. Light is also emitted by 
certain species of Fungi, especially those which grow in moist and 
warm places, where light is entirely excluded, as in the depths of 
mines. The light is perceived in all parts of the plant ; but chiefly 
in the young white shoots. It ceases if the plant be deprived of 
oxygen, either by being placed in a vessel from which the air has 
been exhausted, or in some other gas ; and it re-appears when the 
plant is restored to air. No luminousness is perceived after the 
death of the plant. It would ^seem probable, therefore, that this 
extrication of light is in part connected with that conversion of oxy- 
geninto carbonic acid, which, as already mentioned, ttxkes place very 
rapidly in flowers and^in the whole substance of the Fungi (§ 290.), 
and which may be regarded as a sort of slow combustion. An 
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evolution of light has also been obsenred to take place from dead 
and decaying wood of yarious kinds, particularly that of roots; 
and also from Fungi whilst decomposing This corresponds with 
the luminousness of certain animal bodies after death. 

407. It is well known that the higher Animals alone possess 
the power of keepin* the temperature of their bodies up to a 
certain fixed standard ; and that in the lower tribes the heat of 
the body varies with that of the atmosphere, being frequently but 
a very little above it ; so that these, giving to the touch a sen- 
sation of cold, are termed cold-blooded animals. Still, they have 
some power of generating or producing heat, which is shown by 
their power of resisting the influence of extreme cold for a long 
time. In regard to Plants, much doubt has been entertsdned at 
different times, whether they could be said to have a proper heat 
or not ; or whether their temperature is not entirely dependent 
upon that of the atmosphere. But this doubt has resulted from 
a very limited view of the processes of the Vegetable Economy, 
against which it is desirable to guard the young reader. 

408. It will be stated, under the head of Animal Physiology, 
that the production of heat is entirely dependent upon the conversion 
of Oxygen into carbonic acid, by its union with the carbon thrown 
off in respiration ; and just as the rapid combustion of charcoal 
in oxygen gives out a great degree of heat, so does the slower 
process of union, in which the respiration of human beings really 
consists, disengage heat more gently. Now in Plants this process 
of respiration takes place so slowly (in comparison with animals), 
and from a surface so openly exposed to the atmosphere, that it 
could scarcely be expected that there should be any sensible ele- 
vation of the temperature of the part from this source ; especially 
when it is considered that a constant loss of heat is taking place 
by evaporation.* 

* See Physics, Volume III. This fiict is readily understood by pouring a 
little water, a little spirit of wine, and a little ether, one after another, upon 
the back of the hand. Although they may have been all of the same tem- 
perature, the hand is cooled least by the water, more by the spirit, and most 
by the ether, — in proportion, in fcict, to the rapidity with which these fluids 
respectively pass off in vapour. 
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409. Some recent experiments, however, made with an appa- 
ratus that would indicate extremely slight changes of temperature, 
have proved that the process of respiration in plants is accompanied 
hy a disengagement of heat ; hut in order to establish this, it was 
necessary to compare the temperature of a living plant with that 
of a dead one having the same proportion of moisture at its 
surface ; since in this way only could tfhe true effect of respiration 
in producing heat be known, whilst the evaporation was con- 
tinually preventing the manifestation of it, by cooling the surface. 
In this manner it was found that the heat of the surfaces of plants 
is raised by respiration from 1 to 2^ degrees above what it would 
otherwise be. 

410. It has long been observed that the interior of large 
trunks possesses a temperature more uniform than that of the 
surrounding air ; being cooler than the atmosphere in summer, 
and warmer in the winter. There are at least two causes of this 
occurrence. Wood is a slow conductor of heat; thus, if a piece 
of stick and a rod of iron of equal sizes have one end heated in 
the fire, the farther end of the stick will be nearly cold, whilst 
that of the iron is too hot to be handled. Further, the conducting 
power of wood is still less across the grain (or through the stem) 
than with the grain (or along the stem) ; so that changes in the 
external air will not readily affect the centre of a large trunk ; 
and, accordingly, it is found that, the larger the trunk on which 
the obseicvation is made, the greater is the difference between its 
state and that of the air. The other reason is, that some motion 
of the sap takes place even in winter ; and the fluid taken up by 
the roots principally comes from a depth in the ground, at which, 
from the bad-conducting power of the soil, the temperature is 
nearly uniform throughout the year. 

411. The evolution of heat by Plants is most evident at those 
periods of their existence, in which an extraordinary quantity of 
carbonic acid is formed and given off. This is the case during the 
germination or shooting-forth of seeds ; and though the heat pro- 
duced by a single seed is too soon carried off by surrounding 
bodies to be perceptible, it accumulates to a high degree when a 
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number are brought together, as in the process o£ making (§ 283,4.), 
in which the thermometer has been seen to rise to 110°. The 
same may be said of that other period of vegetation, in which an 
extraordinary amount of carbonic acid is evolyed, — that of flower- 
ing (§ 285.). It is evident that, from the little substance of the 
parts thus heated, and the large amount of surface they expose to 
the air, the heat will be carried off by the atmosphere almost as 
rapidly as it is produced. Still in some flowers, a considerable 
amount of heat can be proved by the thermometer to be dis- 
engaged ; thus, a Geranium has been found to possess a heat of 
87°, when the air around was at 81°. 

412. As in the case of seeds, however, the production of heat 
is most sensible, when a number of flowers are crowded together ; 
and this is still more the case when they are enclosed in any 
general covering, as are those of the Arum family. In these, the 
flowers are small, and are very closely set upon a stalk, which is 
called a spadix ; and the whole cluster is surrounded by a large 
leafy sheath called a spaihe. It is in these flowers that the size 
of the fleshy disk is the most considerable, and the quantity of 
carbon to be united with oxygen is therefore the greatest; 
and the combination of this cause with the other, occasions the 
temperature of the clusters to be raised very high. A. ther- 
mometer placed in the centre of five spadixes has been seen to 
rise to 111°, and one in the centre of twelve to 121°, — while the 
temperature of the external air was only ^^^. The increase 
of temperature commences with the opening of the flower* 
and it is greatest at the time of the shedding of the pollen 
(Chap. XII.). 

413. That the development of heat in these cases is owing to 
the conversion of carbon into carbonic acid, is proved by two 
kinds of experiments. In one, the cluster of flowers was placed 
in pure oxygen, by which this change was performed much more 
rapidly than in common, air ; and the heat given out was much 
greater than that evolved by a flower-stem at the same stage in 
common air. On the other hand, a spadix being put into 
nitrogen (the gas which forms the greatest part of common air, 
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and seems to have for its object to dilute the oxygen, which by 
itself would be too powerful for the support of animal and 
vegetable life), the formation of carbonic acid was altogether 
checked, and no heat was given off, although the opening of the 
flower, and the shedding of the pollen took place to all appearance 
as usual. 

414. So little has been satisfactorily ascertained regarding the 
connection of Electricity with the processes of Vegetable growth, 
that it seems undesirable here to dwell upon the manifestations of 
this agent which sometimes occur. It may be stated, however, 
that, whilst on the one hand, the condition of the atmosphere in 
regard to Electricity has evidently a striking influence on the 
rapidity of their growth (some plants having been known to 
increase in the most extraordinary manner during thundery 
weather), the electricity developed by the changes which take 
place in the economy of plants has probably a very powerful 
influence on the condition of the atmosphere. It is well known 
that by all chemical changes, such as occur in every process of 
vegetation, — ^from the absorption of the crude sap, to its final 
conversion into the substances which are to remain fixed or 
permanent through a long series of years, — electricity is produced. 
Further, the mere evaporation of water from the surface of the 
leaves will do the same ; and thus a constant series of changes 
in the electric state of plants will occur, which will communicate 
themselves to the atmosphere. 

415. The general electric state of plants is found to be that 
termed negative ;* and if any circumstances cause the atmosphere 
to be positively electrified through a considerable space, some great 
commotion of the elements is not unlikely to take place. Hence, 
the dreadful hurricanes, which occasionally devastate the West 
Indian islands, may be in some degree accounted for. The eva- 
poration of the water from the surface of the surrounding ocean 
tends to make the air above it positively electrical ; and this, too, 
at the very time when the brilliant light and genial warmth of the 

* See Gbneral Physics, Vol. 111. 
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sun is causing the vegetation of the land to possess an opposite 
condition. "How wonderful," it has heen remarked, "are the 
operations of nature. The silent and peaceful growth of a vege- 
tation whose splendour fascinates the eye, developes an agency, 
which, opposed to that produced by the rapid but unobserved 
evaporation from the surface of the surrounding ocean, tends to 
load the atmosphere with conflicting elements, from the depth of 
whose strife issues thunder proclaiming the approach of the hurri- 
cane and tornado." 



OF THE MOTIONS OF PLANTS. 

416. The gradual movements of the parts of plants, which 
occur as a part of the natural changes involved in their growth, — 
such as the extension of their roots beneath the ground, and 
the elevation of their leaves and flowers by the upward extension 
of their stems and branches, — have been already noticed, and the 
causes which influence them have been assigned, as far as our 
knowledge of them extends (§ 107, 309.). A curious experi- 
ment has been recently performed, which proves in a remarkable 
manner the influence of light on the direction of the growth of 
these parts. Some seeds of Cabbages, Mustard, and Kidneybeans, 
were placed in Moss ; and were so arranged, that the only light 
they could receive was from a mirror, which threw the solar rays 
upon them from below upwards ; the natural direction of their 
growth was in this manner completely changed, — ^the stem being 
sent downwards, and the roots upwards. 

417. We have here to notice, however, another set of move- 
ments displayed by Plants, in which an evident change of place 
occurs whilst they are being observed for a short time. One of 
these is known as the deep of plants, from the circumstance of its 
generally occurring in the evening. This consists sometimes in the 
folding-together of the leaves, in other cases in their drooping, 
and occasionally in their clasping the stem ; it is most displayed in 
Lf^uminous plants having pinnate leaves (§ 238.) ; and in them 
the lateral leaflets commonly fold together, whilst the leaf-staUcs 
are bent downwards on the stem. Many flowers, also, exhibit a 
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regular movement of the same description; — closing together at 
night, and unfolding in the morning. There are a few species, 
however, which imfold at night and close during the day. There 
are some, too, which close during the day, when the sky is over- 
cast and a storm is threatened. These changes seem almost en- 
tirely dependent upon the degree of light to which the plant is 
exposed; for they may be made to take place at the contrary 
periods, by keeping the plants in a darkened room during the day, 
and placing them at night in strong lamplight. It is usually some 
little time, however, before they become accustomed to the 
change ; and their movements are at first irregular. The mode in 
which light produces these movements has not yet been ascer- 
tained ; but it can scarcely be doubted that it is by its influence on 
the exhalation of fluid from the soft tissues, on one side of the bend- 
ing part more than on the other. Supposing that the part were 
otherwise bent, the influence of light upon the cells of the convex 
side would cause them to contract, and thus straighten it, — a 
change which we shall presently see to be elsewhere effected by 
another cause acting in like manner. Whilst, if the part were 
straight in the dark, so that the leaves were erect, and the flowers 
expanded, the influence of light acting more on one side than on 
the other would cause it to bend. 

418. The influence of water, or of varying degrees of moisture 
in the atmosphere, seems often to produce movements in the living 
plant, as well as in dead portions of its tissues. It is in this way 
that the closure and unclosure of the Rose of Jericho and the 
Lycopodium of Peru tire occasioned, — the one by drought, the 
other by the contact of fluid. This is easily accounted for by sup- 
posing that the cells on one side are larger, and have thinner walls 
than those on the other; and these will, therefore, be most easily 
distended when placed in water, and will soonest lose their fluid 
in drying. The beards of the Geranium and Wild Oat curl up in 
dry weather and straighten in damp ; those of most other plants 
perform the contrary movement. Such parts of plants are often 
used in the construction of kygromelers^ to indicate the amount of 
dryness in the atmosphere, to detect dampness in beds, &c. 



254 MOTIONS OF SEED-VESSELS. 

419. Some of the most interesting among the vegetahle move- 
ments are those concerned in the deposition of the seed. The 
Balsam termed Impatiens noli-me-ian^ere has a seed-pod or capsule 
formed of two halves or valves, which, when the seed is ripe, sud- 
denly separate irom one another and curl inwards, scattering the 
seed to some distance. Now an examination of the tissue of these 
valves shows that their outer part consists of much larger cells than 
the inner, and that the fluid contained in it is the densest. By the 
laws o{ JSndosmose (§ 118.), therefore, the fluids contained in the 
tissue of the interior will have a tendency to pass towards the out- 
side, and will distend its vesicles still more. This distension of 
the outside layer will manifestly give the valves a tendency to 
curl inwards; just as when two thin plates of metal, which 
expand unequally hy heat, are soldered together, and, heat being 
applied, the compound plate bends towards the side which ex- 
pands least. This tendency continues to increase up to the time 
when the seed is ripe ; and it is then so powerful as to cause the 
separation of the valves from each other, and to occasion the rolling 
inwards of each. Now it has been found that, if the valves be 
placed in a fluid more dense than that which the valves contain, 
such as syrup or gum- water, the fluid will be drawn off from their 
cells according to the same law of Endosmose ; and the cells on the 
exterior will be emptied soonest, on accoimt of their being larger 
and fuller than the other ; so that the valves become straight, and 
even curl outwards. But if they be put into water, the Endosmose, 
still taking place towards the side on w^hich the fluid is densest, 
— ^namely the interior of the cells, — will distend them still more, 
and will cause the valves to curl inwards more powerfrilly than at 
first. Another instance of movement with the same object, which 
may be explained in a similar manner, is that of the seed-vessel of 
the common Squirting-Cucumber {Momordica Blaterium.) This, 
when ripe, very readily separates from its stalk; and its pulpy 
contents are violently forced out from the aperture thus left. The 
pulpy matter surrounding ihe seeds occupies the centre of the fruit? 
and, by its own increase in amount, distends the cavity ; the elas- 
ticity of the walls, therefore, occasions their violent contraction, 
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when an aperture is formed in any way, by which the distension is 
relieved. 

420. Such explanations, however, will by no means account 
for all the evident movements of plants ; and it is necessary to 
suppose their living tissues to be endowed with a property termed 
contractility^ by which they are enabled to contract upon the ap- 
plication of a stimulus, just as do the muscular fibres of animals. 
The vegetable kingdom affords many examples of this kind of con- 
traction. Thus, if the leaves of the common Wild-Lettuce be 
touched, when the plant is in flower, the part will be covered with 
milky juice, which is forced out through the stomata by the con- 
traction of the cells or vessels beneath. Again, in the flower of the 
Berberry, if the base of the stamen be touched with the point of 
a pin, the filament or stalk will bend over, so as to strike its top 
against the style or central pillar of the flower. This movement 
will hereafter be seen to be connected with the process offertiliza^ 
tion ; and it must be frequently caused by the contact of insects, 
which thus assist in that function. There is a curious New Hol- 
land plant, named Stylidium, sometimes cultivated in green- 
houses in this country, which has a tall column rising from the 
centre of its flower, and consisting of the stamens and style united ; 
this usually hangs down over one side of the flower, but if it be 
touched ever so lightly, it starts up with a jerk, and rapidly swings 
over to the opposite side. 

421 . One of the most interesting of all the vegetable move- 
ments, however, is that displayed by the Sensitive plant (Mimosa 
pudica). This is a Leguminous plant of the Acacia kind, which 
has its leaves very much subdivided into leaflets. When spread 
out in sunshine, they present no peculiarity of appearance ; but at 
night they fold together as in sleep, more completely perhaps than 
the leaves of any other plants. If, when expanded, one of the 
leaflets be slightly toucbed, it will close towards its fellow ; the 
neighbouring leaflets will presently do the same ; the vein upon 
which these are set will bend downwards, and meet the one on 
the opposite side of the midrib ; the midrib itself will afterwards 
bend down upon the stem ; and, if the plant be in a very irritable 
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condition (from its functions being in a state of great activity) the 
other leaves are sometimes affected in a similar manner The ex- 
planation of this very curious phenomenon requires that the struc- 
ture of the parts concerned in it should be explained. It is evident 
that the cause of the movement must be in some way propagated 
from the part touched, to the parts where the change actually takes 
place, — namely the points where the leaflets join the veins, the 
veins come from the midrib, and the midrib from the stem. At 
every one of these points, there is a little swelling or intumescence^ 
formed of very spongy cellular tissue, and containing a great deal 
of fluid in its cells. If the under side of the intumescence at the 
foot of the leaf-stalk be touched, its vesicles, being very irritable, 
contract and force out the fluid they contain ; and this necessarily 
pulls down or depresses the leaf-stalk and all that it carries. If, 
on the other hand, any thing distend the cells on the upper side 
of the intumescence, the leaf-stalk is pushed down, as it were, in 
a similar manner. The intumescence at the origin of each vein, 
and at the base of each leaflet, seems to possess the same proper- 
ties in a degree proportional to its size, and they are all connected 
together by the vessels and woody tubes of the midrib and veins. 
Now, when the tissue of any of the leaflets be touched, it appears 
to contract in the same manner as does that of the Wild Lettuce ; 
but instead of squeezing out its fluid upon the surface, it forces it 
through the vessels into the upper side of the intumescences at the 
base of itself and its fellow, and these leaflets are thus caused to 
fold down and meet each other. The fluid forcied out from the 
imder side of their intumescences is probably carried to the upper 
side of those at a little distance ; and thus the neighbouring leaf- 
lets also are depressed. The depression of the veins upon the 
midrib, and of the midrib or footstalk itself upon the stem, will 
follow in like manner ; the extent to which the movement is pro- 
pagated, being dependent on the amount of fluid expelled from the 
lower side of the intumescence, in the parts where it has already 
taken place. 

422. Various other stimulants, besides the touch of a hard 
body, will produce similar effects. Thus, if electric sparks be 
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communicated to the lower side of the intumescence, or the rays 
of the sun ^e concentrated on it with a burning-glass, a similar 
contraction of its vesicles, and depression of the leaf, will follow. 
In this, as in the foregoing instance, the leaves return after a time 
to their usual condition. Several species of the Acacia tribe, 
growing in warm climates, exhibit corresponding changes in a less 
degree. The closure of the flj-trap of the Dionasa (§ 246.) may 
be probably explained on similar principles ; the part here 
irritated is the tissue at the base of the three thorns on each side 
of the leaf, one of which must be touched in order to excite the 
movement 



CHAPTER XII. 

or THE BEPRODUCTION OF PI.AMT8. 

423. The limits which have heen set by the Creator to the 
duration of the life of each being that exists at any one time on 
the surface of the globe, would cause the earth to be speedily 
unpeopled, were not a compensation provided in the ^Eiculty of 
Reproduction,— or of the formation of a new being nmilar to 
itself, — ^possessed by every kind of Plant and Animal. This 
power of creating (as it were) a living structure, with all its 
wondrous mechanism, — ^possessed, too, in Animals of the feculties 
of sensation and thought, and in Man the residence of an 
immortal spirit, — seems at first sight more extraordinary and 
mysterious than any which we elsewhere witness. Yet it is not 
perhaps so in reality. The processes which are constantly taking 
place during the life of each being, and which are necessary to the 
maintenance of its own existence, are no less wonderful, and no 
less removed from any thing which we witness in the world of 
dead matter. When the Tree unfolds its leaves with the return- 
ing warmth of spring, there is as much to interest and astonish, 
in the beautiful structure and important uses of these parts^ as 
there is in the expansion of its more gay and variegated blossoms ; 
and when it puts forth new buds, which by their extension 
prolong its branches over a part of the ground previously 
unshaded by its foliage, the process is in itself as wonderful as the 
formation of the seed tWt is to propagate its race in some distant 
spot. Thus it is that scientific knowledge heightens our interest 
in Nature, by showing that, in those things which seem most 
common, there are as many sources of interest and instruction, as 
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in that which, from its apparently mysterious character, is usually 
regarded with more curiosity. 

424. In the lowest plants, the process of reproduction is as sim- 
ple as that of their growth. Elach single cell of the Bed Snow 
(§ 48. Fig, 8.) for example, produces within itself a number of 
little particles; which, at a certain period, are set free by the 
bursting of the parent-cell which encloses them. These granules 
then gradually enlarge,— deriving their nourishment from the air 
and moisture around ; and in time they acquire the size of the 
parent plant, and in their turn produce a new family within them- 
selves, which at the proper time they set free. A similar process 
takes place in the Yeast-Plant (§ 5Q» Fig. 10.) In the Confervas 
(§41. Fig. 6.), — in which a number of cells are united together, 
end to end, in each filament, — the several cells in like manner set 
free from their interior the little green particles which serve to 
propagate their kind ; but the parent cells do not lose their own 
lives in thus sending a new generation into the world ; for, instead 
of bm sting, they allow the granules to pass out by a small aperture 
which forms in their walls. The growth of these particles within 
the parent cell may be distinctly traced: at first they are seen 
adhering to its inner wall ; then they separate themselves from it, 
and float in the fluid it contains ; then they are seen to move 
while yet within the cell; and after they have passed out, they 
continue their motion, even in an increased degree, for some time. 
At last they attach themselves to some fixed object, and their de- 
velopement into new plants then begins. The particle gradually 
enlarges and forms a cell containing fluid ; this cell takes an oval 
form, and a partition then appears across it, dividing it into two ; 
one of these is elongated in the same manner, and is again sub- 
divided ; so that at last a complete filament, consisting of many 
ceUs, is produced; — this, in its turn, sends out reproductive 
particles from its cells, which go through the same processes. The 
curious movement of these granules (which any one possessing an 
ordinary microscope may observe for himself, by watching the 
reproductive processes in the common Confervas of our streams) 
has given rise to the notion that they were to be regarded as 
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animalcules at this stage of their existence ; — a notion which is only 
mentioned here to point out its absurdity ; since, whatever may be 
the cause of these moyements (which is still obscure), they do 
not afford any evidence of being guided by Sensation and Will, of 
which no real animal can be entirely destitute. 

425. In all these cases, the process of Reproduction is performed 
in a manner as simple as that, which any of the functions of Vege- 
table Life present to us. There is nothing more wonderful in the 
fact that a cell should produce the rudiments or germs of new 
cells, in its interior, than that it should develope additional cells 
which are to form parts of its own structure, (as in the Yeast- 
plant § 56, and higher plants in general,) from its outside. Each 
may be r^arded as a Law of Nature ; — ^which is only saying that it 
is the mode in which the Creator operates. Now we shall find 
that, in higher plants, the essential part of the reproductive process 
is really the same — ^following the same general laws ; and it is one 
of the most interesting re^ts of scientific research, to see that 
things which appear widely diflferent, may often prove to be 
closely connected. "We may hence learn a lesson, too, which is 
very useful in the ordinary concerns of life, — ^not to judge too 
hastily by appearances. Nothing could seem more unlike than 
the production of the seed of some noble tree, from the 
elegant flower, with all its complex apparatus of parts, — and the 
propagation of the humble kinds of vegetation we have been con- 
sidering, by the simple contrivances just described. And yet it 
will be seen that, although in the former there is much of an 
additional character, subservient to particular purposes, yet that 
the mode in which the germ is at filrst produced is essentially 
the same. 

426. The first stage of this increasing complexity is seen in the 
higher Sea-weeds ; in which, of the large number of cells that the 
whole plant contains, only a small part are appropriated to this 
function. Sometimes these reproductive cells are spread over the 
whole surface of their leaf- like expansion; but sometimes they 
are restricted to the extremities of the plant. In the common 
Bladder-wrack (Fuciis vesiculosusj^ which abounds on most of 
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the shores of Britain, a swelling may be seen at the end of each of 
its divisions, which is distinguished from the rest bj its yellow 
colour, when the fructification which it contains is mature. In 
this swelling a number of pores or minute apertures may be dis- 
tinguished ; and if the substance be cut across, it will be found 
that, beneath each of these pores, there lies a cell larger than the 
rest, and partly separated from it. This cell, when the fructifica- 
tion is ripe, passes out through the pore, and soon after bursts, 
setting free the minute particles it contains ; and these, like the 
granules of the Red Snow or the Confervae, develope themselves 
into new cells, by the multiplication of which a new plant similar 
to the parent is gradually reproduced. Now this cell, thrown off 
from the rest of the structure, and containing reproductive par- 
ticles, which it afterwards sets free, corresponds with what in the 
higher Cryptogamia are called spores. These spores take the place 
of seeds in this division of the Vegetable kingdom. We shall 
hereafter (§ 431, 440, &c.) trace the differences in their structure. 
427. The processes of Reproduction in the Lichens and Fungi 
appear to be as simple as those just described. Cells are seen in cer- 
tain parts of the structure, which differ from those composing its own 
tissue, and which are destined to be cast forth from it, when the 
reproductive particles it contains are mature. The immense num- 
ber of these reproductive cells or spores which are contained in 
the different plants of the Fungus tribe, has been already noticed ; 
and the various organs which contain them will be hereafter de- 
scribed. One of the highest forms of this group is the common 
Mushroom, in which there is a very distinct separation of the fruc- 
tifying from the nutritive system. The spores are contained in a 
number of little tubes, which are arranged side by side in the 
membrane forming the cap of the Mushroom, and in the thin plates 
(commonly known as the giUs) which spread from the centre on 
the under side of this ; whilst between this part and the roots is a 
distinct stem. The whole energy of the Fungi seems directed 
towards the propagation of their race ; and the duration of life in 
individuals is usually very transient. In Lichens, on the other 
hand, each individual frequently exists for many years, and its 
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powers of propagation are macb inferior. Indeed some Lichens 
do not form any distinct spores ; bnt multiply themselves by little 
bud-like bodies, which they form in hollows of their surface. In 
the common Cup- Moss, for example, (which is really a Lichen), 
these little bodies may be seen in the form of a fine greenish powder, 
in the hollows of the cups; and from these, when they are removed 
from the parent plant, new individuals will spring. 

428. In the Liverworts we find a similar provision, as already 
noticed (§ 32.) ; but here there is a distinct set of organs of firacti- 
fication raised above the general level of the plant, as shown in 
Fig. 4. The little bodies forming as it were the spokes of the 
wheel, are cases containing spores or reproductive cells ; and these 
are scattered, when mature, by a set of elastic spiral filaments 
which lie among them. When it begins to develope itself the 
spore does not altogether burst and emit the granules it contmns, 
as in the AlgSB ; but its outer coat only ruptures, and a long tube 
projects firom its interior, within which new cells are seen to grow, 
taking their origin from the granules or minute germs which the 
spore contained. These cells gradually increase into a leafy 
expansion, from the lower part of which root-fibres proceed ; and 
this in time acquires the appearance of the original plant, and 
forms its own organs of fructification. 

429. The organs of fructification in the Mosses (§ 27.) are ex- 
tremely beautiful and delicately-formed ; but as the essential nature 
only of their reproduction is here to be explained, the description 
of these peculiarities must be deferred to the second part of this 
Volume. We here find a complex provision for the development and 
dispersion of sporeSj which in themselves resemble those of the 
Marchantia. The little urns, mounted upon long stalks, which 
are peculiar to this group, are frimished with lids, that drop off 
when the spores within them are mature; these spores having 
been developed around a central pillar termed the columella. The 
subsequent changes which take place in the spore nearly cor- 
respond with those described in the last section; the principal 
difference being, that a number of tubes are put forth instead of a 
single one. Each of these tubes can be perceived to contain some 
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of the little granules which the cell produces within it ; and every 
one of these is capable of itself forming a perfect plant, as has 
been ascertained by cutting the tubes into several pieces. In 
general, however, all these go to form one young Moss, — ^the cells 
which they produce uniting together at an early period ; and thus 
the process is rendered much shorter than if the whole plant had 
to be developed from a single cell. 

430. In the Ferna^ again, we meet with another form of the same 
process. The spore-cases are here developed on the backs or at the 
edges of the leaves, and differ in form from those of the Mosses . 
but the spores which they contain could not be distinguished from 
theirs. If a Fem-Ieaf whose fructification has come to maturity 
(as may be known by the brownish tinge of the yellow or orange 
spots or ridges on its leaves) be placed with its underside upon a 
piece of white paper, this will be found in a day or two covered 
with a very fine brown dust. These are the spores, which are 
scattered by the bursting of their cases. The process of develop- 
ment of these spores presents several points of interest. In its first 
stages it closely resembles that of the Marchantia. The outer 
coat of the spore ruptures, and the inner one projects into a long 
tube; within which, as well as within the orginal cavity, new cells 
are formed from the germs included within it. The first tendency 
of these newly-formed cells is to grow together, and to increase into 
leaf-like expansion, very much resembling that of the Marchantia. 
In the middle of this (which has received the name of primary 
frond), a knot or protuberance gradually makes its appearance ; 
and this is afterwards prolonged above into a sort of stem, and below 
into a root. From this stem, the true leaves or fronds are after- 
wards developed, unrolling themselves after the manner formerly 
described (§ 25) ; and, when these make their appearance, the 
primary frond decays away, leaving no traces of its existence. In 
this very curious process, we see that the Fern passes, as it were, 
through the stage which is permanent in the Marchantia; but 
that when it attains a higher form, the organ, which was only for 
a time subservient to its existence, decays away. Many instances 
of a similar kind present themselves in the Animal kingdom. 
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Thus the Frog comes forth from the egg in a state resemhling 
that of a Fish, — hreathing hj gills instead of hj longs, possessing 
a long tail hy which it moves itself in the water, and destitute of 
legs. Suhsequently legs are produced, which render its tail un- 
necessary ; and lungs are developed, which perform its respiration 
more effectually than gills ; and these two sets of organs, though 
they permanently exist in Fishes, disappear in the Frogs, as soon 
as they have served their temporary purpose. Corresponding 
changes, hardly less striking than this, take place during the 
development of every one of the higher animals ; and in every 
instance we see that, when a higher form is attained, the parts which 
had their uses in an inferior condition of existence, are cast off as 
cumbrous and unnecessary. How beautifully does this principle 
apply to the history of the development of the human soul ! At 
first it is entirely dependent for its activity on the impressions which 
it receives through the bodily frame with which it is connected. 
The calls of hunger, the presence of unaccustomed objects, strong 
impressions upon its senses, first excite its attention ; and all its 
subsequent acquisition of knowledge depends upon similar in- 
fluences. Perfect in their kind as are the organs of sensation by 
which these impressions are communicated, there are still bounds 
to their operation. All that their highest exercise, with the aids 
derived from the most refined ingenuity, can effect in this life, 
serves but to give to the philosophic mind a glimpse of the won- 
ders of Creation ; and there can scarcely be to such a mind a mwe 
powerful natural * argument in favour of a future state, than that 
which rests upon the vast amount of knowledge of which the sources 
are presented to man, and the insatiable desire for it which he pos- 
sesses, compared with his very limited power of satisfying that desire 
within the short duration of an ordinary life. All analogy, then, 
leads to the conclusion, that with thie mortal body, the soul shall 
cast away those instruments which are adapted only to the present 
material finite state of existence, and shall be endowed with more 



* By this is meant an argument drawn from the Natural World, as distinct from the 
Revealed Word of God. 



REPRODUCTION IN FLOWERING PLANTS. 265 

direct means of becoming acquainted with those glorious truths 
which here it only sees " as through a glass, darkly." 

431. To return from this digression. — In reviewing the pro- 
cesses of Reproduction in Cryptogamia, we perceive that they 
are everywhere essentially the same. The spore, or reproductive 
cell, contains a number of granules, each of which is capable of 
producing a new cell, at the expense of the fluid which its parent 
contains ; and these new cells are able, either together or sepa- 
rately, to develope themselves into plants similar to their parents, 
without any other influences than those which they receive from 
the light, air, and moisture, which surround them. Now we shall 
find that the real essential difference between the Phanerogamic and 
the Cryptogamic (the flowering and the flowerless) plant, consists 
in this, — that the former possesses a series of organs fitted to re- 
ceive and cherish the germ, and to assist in its early development, 
of which the latter is destitute ; and that the presence or absence 
of those parts which are ordinarily known as constituting the 
flower, is of no primary importance. These parts are often absent, 
without the process of Reproduction being thereby aflected ; and, 
on the other hand, there are many flowers, which appear perfect 
to the uninstructed eye, but which are tiptally destitute of 
fertility. 

432. The parts of a flower essentially concerned in the repro- 
ductive process are the stamens and pistil. The stamens are a 
number of little bodies, having yellow heads mounted on long 
stalks, which are seen around but not in the centre of the flower. 
These stalks are caXie^ filaments ; whilst the heads are called the 
anthers. Each head is usually seen to be more or less completely 
divided into two parts, which are termed anther-lobes. These 

are commonly united to- 
gether; as in Fig. 46. 
a, d, c, d; but sometimes 
they are separated, as at 

Fig. 46. Different forms of stamena ; a, lily ; . j oppAsionall v onW 

b^ lemna ; c, potatoe ; rf, berberry ; «, ginger, ^ •» f^^ occasionally only 

/» sage. a single lobe is present, 
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as at/. Within the stamens are produced a number of minute 
yellow bodies, usually of a globular form, which together consti- 
tute the fine dust known as the pollen or farina of the flower. 
Each grain of pollen, when examined with the microscope, is 
seen to consist of a cell exactly analogous to that which consti- 
tutes a spore. It has two or more coats, which enclose a fluid ; 
and in this a large number of extremely minute granules may be 
seen with a good microscope. These granules are probably the 
germs of new cells ; being analogous to those which are sent forth 
from the Red Snow, the ConferraB, and the Yeast Fungi. They 
may be seen to move within the parent cell, or pollen-grain, pre- 
viously to the time when its walls become too thick to allow of 
their being observed through them ; and, when the contents of 
the pollen grain are mixed with water, they are seen to be con- 
stantly performing a sort of vibratory motion. 

433. The anthers, or receptacles of pollen, which evidently 
correspond with the capsules or spore-cases of the Cryptogamia, 
burst when their contents are mature, and scatter the grains forth. 
They have various ways of opening; sometimes they split 
along their length, as at a. Fig. 46 ; sometimes transversely, as 
at h\ sometimes by little openings at their extremity, termed 
jxyrei^ as at c; and sometimes by valves, as at d. These 
different methods are characteristic of different tribes of 
Flowering-plants. 

434. Now the portion of the reproductive system in the 
Phanerogamia, to which nothing analogous exists in the lower 
tribes, is that which is denominated the owtrium or seed-vessel, 
which occupies the centre of the flower, being sometimes 
situated above and sometimes below the point at which the 
leafy parts of the flower arise from the axis which bears 
them. This ovarium is the part in which are formed the ovules 
or yoimg seeds ; and these, after being fertilized in the manner 
presently to be described, ripen into the perfect seeds. Some- 
times it consists of several evident divisions ; in other instances, 
these are united together, more or less closely ; and all mark of a 
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diTision may even disappear. The ad- 
joining figure represents the centre of a 
flower in which the sereral parts of the 
OTarium remain separated; three oidy 
are seen, the others being concealed by 
them. These separate parts are termed 
tMrpdi. Each carpel is sormounted by 
a sort of pillar, termed the tt^le ; which 
usually expands at its summit into a 
fleshy surface, called the eliffma. When 
the carpels adhere closely together, their 
styles also frequently unite, so as to form 
a single pillar, which sometimes bow- 
^}!^-. *?- Pj*'" *' Coriaria ever dlvides sgaiix into sereral branches 

myrti/n/ia, showing distinet __ . ■ . . 

earpela and gtjiei. at the top. The OTanum With its Style 

and stigma, is then called the pittU; and 
sometimes each separate carpel with its own 
style and sugma receires the same appellation. 
An excellent iUustration of an oTarium con- 
nsting of many carpels, appearing externally 
dngle, but each really separate from the 
rest, is the Orange ; the rind of this fhut 
is formed by the external part of the flower 
which wraps orer &e orarium, whilst the 
juicy part is the ovarium itself, composed of a 
number of carpels adhering t<^;ether, but not 
so closely united as to prevent their being torn 
apart. The position of the pips or seeds of the 
Orange will give a good idea of the manner 
in which they are usually situated within the 
carpels, especially when they are few in nnm- 
Pijr, 48, PiBtii of Vso- her. Sometimes, however, they are attached 
OT^^mTr"Syx"l t« *e whole length of the carpel, from one 
'J'P'^^fi ''•<^«» end to the other, as is seen in the common 
ma. ' ' Pea , of which each pod is a separate carpel. 

The portion of the carpel fiiim which the ovules arise, is usually 
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thick and fleshy, and is termed the placenta. The section of the 
pistil of the Whordeberry, in the last page, will give as idea of the 
atrangemeBt of the parta in an OTariam whose carpels and styles 
hare united. The oTariam a, of this flower is wrapped orer, like 
that of the orange, by the leafy portion of the flower itself; which is 
seen to rise heyond it at b. The centre of the ovarium is occupied 
byathick fleshy placenta, formed 
by the union of that of the several 
carpels; and on this the o?iile8 
are clustered. Above is seen 
the single style with its stigma. 
Another variety of the same 
kind of structure is shonn in 
Fig. 49 ; here the ovarium, b, 

3.49.0variniDofTliunneamiiflon; is iu Uke manner enveloped by 
yx, 6, ovarium ■,c,Ai»k,d, ovules. ^1,^ ^^^^^ ^^ „f ^^ q^^^^ „ _. 

and the partitions between the carpels have entirely disappeared, 
BO that only one central pillar is left, around which the 
ovules are clustered. There b another canunon form of the 
ovarium, of which that of the common 
Heartsease, Fig. 50, may be taken as aa 
example : in this the partitions have dis- 
appeared ; but the placentte of the aeveial 
carpels, instead of remaining clustered 
together, are attached separately to the 
I, plsceoia. walls of the ovarium, as at a. 

435. These two sets of organs are by no means constantly 
united, however, in the same flower. The ataminiferotu or 
stamen-bearing flowers are frequently distinct from those which 
are pistilli/eroug or bear pistils. When they occur on some other 
part of the same plant, it is said to be moncecious (single-housed) ; 
if on a different plant, it is dioecious (or double-housed). Some- 
times the same collection of flowers contains some perfect ones, with 
others stamintferous, and others pistilliferous only. There is reason 
to believe that, when either set of organs is not developed, the 
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rudiments of it really exist ; for these parts are frequently made 
to appear by cultiyation. 

436. If the ovarium be cut into, previously to the opening of 
the flower, it will usually be found to contain a great number of 
the ovules or young seeds. These are at that period quite soft ; 
and their interior is Med up with a kind of pulp, which is 
enclosed in two or more envelopes. These seed-coats do not 
entirely cover the central envelope, but leave a small opening, 
which is called the foramen. This opening may be easily detected 
in the perfect seed, although it has there nearly closed up, by 
soaking it in water, and then pressing out the fluid that has been 
absorbed, which will be seen to issue from this little orifice. The 
foramen, as will presently appear, has a very important purpose 
in the fertilization of the seed ; which, at the period now described, 
contains no trace of the germ of the new plant. 

437. This germ appears to be conveyed into it from the 
pollen in the following curious manner. The little grains 
or cells, when set free from the anthers, fall upon the stigma of 
the pistil. In general the anthers are situated above the stigma, 
— the stamens being longer than the pistil in flowers that are 
erect or upright, and shorter in those which hang down; but 
sometimes a special provision is necessary for the conveyance of 
the pollen to the stigma, especially in monoecious or dioecious 
plants. This function is often accomplished by insects, which, 
in going from flower to flower in search of honey, cover over their 
bodies with pollen-dust, and rub them accidentally against the 
pistils of other flowers. When the pollen falls on the stigma, it 
is caused to adhere to it by a honey-like secretion from its surface ; 
and after a short time it undergoes a remarkable change which 
closely resembles that already described in the spore of the 
Cryptogamia. 

438. The outer coat of the pollen-cell appears to burst at one 
or two points, and to allow the inner coat to pass out through it 
in the form of a tube. This tube insinuates itself between the 
cells of the stigma, and passes down between the long and 
loosely-arranged cells of the style. It gradually extends, imtil 
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Fig. £]. 
Seotian of the top of 
the st^le of Snip-dra- 
Ron ; iIiowiaR the paa- 
»»Ke of the pollen- tub«a 
between its eeUi. 



fig, 62. PoUen^gi^n, of CEno- 
tbera biennis. Mndlng its tnbea 
a, a, between tbe oelu, b, of the 



it reaches the oTarinm itself even 
when the style is sereral inches 
long. The pollen-graiiu are sot 
always globular, but are some- 
times triangular, and emit a pol- 
len-tube at each comer, as in die 
accompanying figure ; such are 
analogous to the spores of Mosses, 
which put forth several tubes. The tubes, when they arrive at 
the ovarium, direct themselves towards its different chambers, and 
have been seen to enter the apertures in the several ovules, which 
are at that time directed towards the part of the base of the style, 
from which the pollen-tubes project themselves. Sometimes a 
considerable change in the position of the ovule is necessary, in 
order that tbe foramen should be applied to the right portion <^ 
the wall of the ovary; hut this change always takes place just 
as the pollen-tubes are passing down the style. The granules 
which the poUen-grain originally contained, are seen to pass down 
tbe tube ; and some of them are conveyed, by it into each 
ovule. Whilst yet within the tube, they are seen to develope 
themselves into new cells ; and these cells are the nidiment of 
the future plant. 

439. The germs are thus conveyed into a sort of receptacle, 
where they are supplied with nourishment that has been 
previously prepared and stored up for their use by the parent 
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structure; and they are thus greatly assisted in their early 
deyelopment. The pulpy matter contained in the OYules consists 
of starch and sugar ; and these nutritious substances are absorbed 
by the cells of the embryo, which increase at their expense. The 
first increase of these cells does not so much tend, however, to 
form those parts which are afterwards to be developed into the 
stem, root, and leaves ; as to produce those temporary structures, 
termed cotyledons or seed-leaves (§ 21.), which are destined like 
the primary frond of the Ferns, to assist for a time in the 
development of the permanent structure, and then to wither and 
decay. Hence, at the time of the ripening of the seed, the 
cotyledon (which is sometimes double, sometimes single — see 
§ 440 — 2) forms the greatest part of the embryo or young plant. 
Besides this, the seed contains a considerable quantity of starch, 
destined for the nourishment of the young plant, when it is 
beginning to sprout,, and whilst yet unable to take in food for 
itself. Tiiis starch is sometimes absorbed into the tissue of the 
cotyledons, rendering them thick and fleshy, as in the Pea or 
Bean ; and then these, with the small germ to which they belong, 
form the entire contents of the seed. In other instances, however, 
the cotyledons are thin leafy organs, and occupy, with the germ, 
but a small part of the seed ; the remainder then consists of a 
separate store, which closely resembles the yolk-bag of the egg, 
and is termed the albumen. This is the case in the seeds of all 
Mono-cotyledonous plants, and also in some Dicotyledons, as the 
Ash and Horse-chesnut. 

440. The structure of the seed of 
the two principal divisions of the 
Phanerogamia is shown in the adjoining 
figures. In Fig. 53, is seen that of the 
Bean, a Dicotyledon^ af);er the seed- 
coats have been stripped off, and the 
cotyledons separated. The two large 
p. ►« fleshy lobes, a, a, are the cotyledons. 

Seed of the Bean, with its into which the whole of the starch 
cotyledons, a, a, sepNuated ; 6, . • n ^ • j • . i_ i i. 

germ. ^^ ' *^ Originally contained m the ovule has 
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been absorbed. Between these is the real germ ; the upper ex- 
tremity of which, termed the plumula^ subsequently deyelopes 
itself into the stem, and puts forth leaves ; whilst the lower part, 
which is always directed towards the foramen, becomes the root. 
The plumula sometimes presents the appearance of the plant in mi- 
niature ; its leaves and buds being quite discernible, though on a 
very small scale. The subsequent development of the germ con- 
tained in the seed into the perfect plant, is that which in its early 

stage is known as germincUum, Of the causes 
which excite it, we shall presently speak. 
When a seed like that of the Bean begins to 
germinate, it first swells and bursts its seed- 
coats ; the plumula then extends upwards, 
bringing the cotyledons just above the surface 
of the ground ; whilst the radicle penetrates 
it in the opposite direction. In some plants, 
however, the cotyledons remain underground, 
as in the Oak ; and there are a few in which 
they are entirely absent. The cotyledons, 
when exposed to the light, become green; 
and perform for a time (though imperfectly) 
the functions of leaves, at the same time 
yielding to the young plant the nourishment 
they contdn. By the time this is exhausted, 
the true leaves and roots aire sufficiently 
developed for the si]^port of the structure; 
and the cotyledons, being then no longer 
required, decay away. Thus it is seen that, 
in all the essential points, the history of the young Phanerogamic 
plant corresponds exactly with that of the young Fern;— 
the chief difference consisting in this ; — ^that tJie development 
of the former, up to the time when its cotyledon or primary 
frond ceased to support it, is assisted by the nourishment pre* 
pared for it by the parent; whilst the latter has no such 
assistance, but obtains its nourishment from the surrounding air 
and moisture. 




Fi^. 54. 
Germination of Dico- 
tyledonous seed ; a, 
plumula ; 6, radicle ; 
c, c, cotyledons. 
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441. The adjoiaiiig repre- 
sentation of the seed of the 
Marrel of Peru affbids an 
example of a dicotyledonous 
seed poBBcssing leafy cotyle- 
dons and a separate albumen ; 
in these, the process of germi- 
nation is the same, except that 
the cotrledons only peribrm 
the functions of temporary 

leaves, — the nutritions part of the seed being retained within its 
Goata, until it is exhausted by the young plant. 

442. In the seeds of the 
Monoeotyledon», the structure 
of nhich la illustrated hy the 
accompanying figure of that 
of the Onion or Lily, the 
albumen is always separate ; 
and the embryo, which occu- 

.. f Seed of Onion; ?»«■ '»"' » ™^ proportion of 
o, a, albumen i S, 4, embryo. (h^ whole mass, cannot always 

be readily distinguished in the midst of it, until germination com- 
mences. The cotyledon at first completely sheathes the plumnla, 
which afterwards pierces it, and unrolls its first true leaf. 

443. Now it u on interesting fiict, that the divisiim of the 
Phanerogamia founded upon the structure of the seed, exactly 
corresponds with that formed according to the structure of the 
stem; — that is, all Exogens are Dicotyledonous (with only a few 
apparent exceptions) ; and all Endogena are Monocotyledonous. 
MoreOTcr, all the Acrogens, wliich have no regular method of 
adding to the diameter of their stem, aie destitute of the power 
of forming true seeds, — the genus being, as it were, at once cast 
upon ^e world, instead of being reared and cherished by parental 
care. It has formerly been pointed out that Exogens, Endogens, 
and Acrogens difiTer also in the distribution of the reins in their 
leaves (§ 229 — 32.); audit mayb^^be mentioned that they differ 




Fig. .%. aeotim 
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also in the number of parts of which the flower is usually com- 
posed. Thus, in Exogens, the regular number of stamens is 
either four or five, or a multiple of one of these numbers ; and 
that of the carpels is similar ; whilst in Endogens the number of 
the same parts is three, or a multiple of it. The number of the 
external or leafy parts of the flower follows the same laws, as will 
be hereafter explained. 

444. The conditions requisite for the germmation of the seed, 
are warmth, moisture, and the presence of oxygen. The process 
is also favoured by darkness. The influence of each of these 
agents* will be readily understood. No vital action can go on 
without a certain amount of heat ; and, where this is not pro- 
duced within the being, it must be derived from without. The 
germination of the seed is as much dependent upon warmth, 
therefore, as the hatching of the egg of a bird ; though the amount 
it requires is not nearly so great. Moisture is also evidently 
required, for the conversion into a fluid state of the dry nutriment 
which has been previously stored up in the seed ; and no change 
can commence imtil this be supplied. The presence of oxygen is 
necessary, because the conversion of starch into sugar requires (as 
formerly stated f 283.) that some of the carbon of the former should 
be set free : and this can only be accompHshed by the union of it 
with oxygen, so as to form carbonic acid. This process is favoured 
by darkness, because light has a tendency to produce the contrary 
change — \}[i& fixation of the carbon within the structure (§ 286.). 

445. It is interesting to observe how all these conditions are 
supplied, in the ordinary course of Nature, by the soil in whidi 
the seed is dropped. If it be sown during the spring or summer, 
it speedily begins to germinate ; but if it is deposited in the 
autumn, it remains almost unchanged, until the winter has passed, 
and the returning warmth of the air and earth arouses it into 
activity. It is seldom that the soil is so completely destitute of 
moisture, for any long time together, as not to be able to excite 
seeds to germinate; but their sprouting is weU known to be 
favoured by damp weather ; and if seeds, through being put into 
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the ground during a drought, remain undeveloped, they are hrought 
forwards very rapidly hy a genial shower. A porous soil is to be 
preferred on account of the free admission of air which it gives to 
a germinating seed, as well as for the other processes of vege- 
tation (§ 178, 9.)« A stiff clay soil prevents this necessary contact ; 
and thus impedes germination. So complete a check, indeed, 
may be thus produced, that it has been proposed to bury seeds in 
clay rammed hard, when it is desired to convey them from one 
part of the world to another through very hot climates ; the high 
temperature of which might destroy their vitality, if its influence 
were not partly prevented by the bad-conducting power of the 
mass in which they are thus enclosed. If seeds be buried very 
deep, even in a light soil, the contact of oxygen will be sufficiently 
impeded to prevent their germination ; and the bringing such seeds 
nearer to the sur&ce will then have as much influence in causing 
them to sprout, as the supply of either of the agents just men- 
tioned, which might have been previously deficient. 

446. The seeds of most plants are endowed with a remarkable 
power of preserving their vitality for an almost unlimited time, if 
they are placed in circumstances which neither call their properties 
into active exercise, nor occasion the decay of their structure. 
The conditions most favourable for this preservation will evidently 
be a low or moderate temperature, dryness of the surrounding 
medium, and the absence of oxygen. If all these be supplied in 
the most favourable manner, there seems no limit to the period 
during which seeds may retain their vitality, — ^that is, their power 
of performing their vital operations, when placed in the proper 
circumstances. And even if moisture or oxygen be not entirely 
excluded, the same effect may result, provided that the temperature 
be low and uniform. Thus the seeds of most plants may be kept 
for several years, freely exposed to the air, provided they are not 
exposed to dampness, which will either cause them to germinate 
or to decay. Some of those which had been kept in seed-vessels 
of plants preserved in the herbarium of Tournefort, a French 
Botanist, were found to retain their fertility after the lapse of 
nearly a century. 
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447- Instances are of no anfirequentoccuiTence, in which gioi^ 
that has heen tamed up, spontaneoiisly produces plants different 
firom any in their neighhouihood. There is no doubt that, in some 
of these cases, the seed is conveyed by the wind, and becomes de- 
veloped only in spots whidi aff<mi it congenial soil, as was formerly 
mentioned in regard to the spores of the Fungi (§ 50.) Thus, 
it is commonly observed that clover is ready to spnng up on soils 
which have been rendered alkadine by the strewing of wood-ashes 
or the burning of weeds, or whidi have had the surface broken and 
mixed with lime. But there are many authentic facts which can 
only be explained upon the supposition that the seeds of the 
newly-appearing plants have lain for a long period imbedded in 
the soil, at such a distance firom the surface as to prevent the 
access of air and moisture ; and that, retaining their vitality under 
these conditions, they have been excited to germination by exposure 
to the atmosphere. The fc^owing possesses considerable interest. 

448. To the westward of Stirling, there is a large peat-bog, a 
great part of which has been flooded away, by rainng water firom 
the river Teith, and dischaiging it into the Forth, — ^the object of 
this process being to lay bare the under-soil of day, which is then 
cultivated. The deigyman of the parish was on one occasion 
standing by, while the workmen were forming a ditch in this clay, 
in a part which had been covered with fourteen feet of peat earth ; 
observing some seeds in the clay which was thrown out of this 
ditch, he took them up and sowed them ; thev germinated, and 
produced a species of Chrysanthemum. A very long period of years 
must have probably elapsed, whilst the seeds were getting their 
covering of clay ; and of the time necessary to produce 14 feet of 
peat-earth above this, it is scarcely possible to form an idea, but 
it must have been (in the natural course of things) extremely 
great 

449. The following circumstance, which occurred about 30 years 
ago in the State of Maine, in North America, i?, perhaps, still more 
remarkable. Some well-diggers, when sinking a well, at the 
distance of about 40 miles from the sea, struck, at the depth of 
about 20 feet, a layer of sand ; this strongly excited curiosity and 
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interest, from the circumstance that no similar sand was to be 
found anywhere in the neighbourhood, or anywhere nearer than 
the sea-beach. As it was drawn up from the well, it was placed 
in a pile by itself; an unwillingness haying been felt to mix it 
with the stones and gravel which were also drawn up. But when 
the work was about to be finished, and the pile of stones and 
gravel to be removed, it was found necessary to remove also the 
sand-heap. This, therefore, was scattered about the spot on 
which it had been formed, and was for some time scarcely re» 
membered. In a year or two, however, it was perceived that a 
great number of small trees had sprung from the ground over 
which the sand had been strewn. These trees became, in their 
turn, objects of strong interest ; and care was taken that no injury 
should come to them. At length it was ascertained that they 
were Beach-Plumb trees ; and they actually bore the Beach-Plumb, 
which had never before been seen, except immediately upon the 
sea-shore. These trees must, therefore, have sprung up from seeds 
which had existed in the stratum of sea-sand pierced by the well- 
diggers ; and, until this was dispersed, in such a manner as to 
expose them to the air, they remained inactive. ^^ By what con- 
vidsion of the elements," adds the narrator, ^^ they had been 
thrown there, or how long they had quietly slept beneath the 
surface of the earth, must be determined by those who know very 
much more than I do." 

450. The following is an example of the same general fact, 
which is interesting from its connection with historical events. 
In the year 1715, during the rebellion in Scotland, a camp was 
formed in the King's Park (a piece of ground belonging to the 
castle) at Stirling. Wherever the ground was broken, broom 
sprang up, although none had ever been known to grow there. 
The plant was subsequently destroyed; but in 1745, a similar 
growth appeared, after the ground had been again broken up for 
a like purpose. Some time afterwards, the Park was ploughed 
up, and the broom became generally spread over it. The same 
thing happened in a field in the neighbourhood, from the whole 
surface of which about nine inches of soil had been removed. 
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The bffoooHseeds could not bare been conveyed by the mnd^ 
akhoogb the plant is a common one in the neighbourhood, be- 
cause they are heavy and withont wings (§ 471*) > ^^<^ ^^ ^o™^ 
of the ground is such that no stream of water conld have trans- 
ported them, or bare corared them afterwards with soil. Sach an 
effxt must bare resulted firom the operation of causes continued 
throi]^ a long period of time. 

451. Perhaps the most remarkaUe instance on record, as 
presenting satislactmy proof of the lapse of at least 1600 or 
1700 years, is one rdated by Dr. Lindley. ^ I have now before 
me," he says, ^ three plants of Raspberries, which have been 
raised in the gardois of the Hcnrticvltural Sodiety, from seeds 
taken firom the stomach of a man, whose skeleton was found 30 
feet below the sur&ce of the eardi, at the bottom of a barrow,* 
which was opened near Dordiest^. He had been buried with 
some coins of the Emperor Hadrian." Corn-grains enclosed in 
the bandages which enyelope the mummies, are said to have 
occasionally germinated, though most of them seem to haye lost 
their TitaHty. There is nothing improbable in the fact ; but as 
the Arabs, from whom the mummies are commonly obtained, are 
in the habit of previously unrolling them in search of coins, &c. 
it is not always certain that the seeds which have sprouted were 
really at first enclosed with the mummies. 

452. When a plant is raised from seed, it will always bear a 
strong likeness to its parent ; and if the species be one which has 
little tendency to variation, it will resemble it very closely. But 
there are many species, which have a great disposition to present 
deviations from what may be considered their original form 
(§ 13 — 16.) ; and thus, from the seeds of the same parent, it is often 
possible to produce, by a difference of treatment, a number of 
plants differing considerably from one another. Whatever such 

* These barrotcs, as they are termed, are large mounds of earth, which are 
▼ery coimnon on the downs along the south coast of England. They are evi- 
dently artificial, not natural ; and, when dug into, are usually found to contun 
human remains, with pottery ; weapons, &c. Hence they are evidently burial- 
places ; and as a large number of them are generally found together, they seem 
to have been erected on fields of battle, to contain the bodies of the slain* 
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differences may be, however, these plants are all regarded as be- 
longing to the same species, since they are descended from a com- 
mon stock ; and by such experiments, it is often possible to show 
that plants which have been considered as distinct species, have no 
real title to be so classed (§ 16.). 

453. It is often possible, however, to produce seeds capable of 
giving origin to plants that shall combine the characters of two 
different races. This is done by placing the pollen of one 
species upon the stigma of another ; so that the germ, furnished 
by one, shall be nursed (as it were) by the other. It is not diflft- 
cult to understand how the germ thus influenced, should be sub- 
sequently developed into a form differing from that of its own 
parent ; for the germs of Cryptogamia, which are not received 
into any ovule, but are dependent upon the elements alone for 
their support, are often developed (especially among the lower 
tribes) into forms very different from that which they would 
naturally present. Thus a Mttcor^ a sort of Fungus concerned in 
the production of mouldiness, has been seen growing in water in 
a form so like that of a Conferva, that it was only recognized as a 
Fungus when it lifted up its fructification above the fluid. 

454. The plant developed from a seed produced by the agency 
of two races, is termed a hybrid. It is necessary, in order that 
the seeds thus formed should be fertile, that the parent species 
should be nearly allied to each other ; and it is very seldom that 
a hybrid can be produced when they do not belong to the same 
genus. Now, if the hybrid bear flowers, and its stigma be fer- 
tilized with its own pollen, it may produce seeds that can be 
raised into plants like itself; and these may flower and produce a 
third generation tn like manner. But there is no instance in 
which a hybrid race, which has thus originated in the intermixture 
of two species really distinct, has ever been continued without 
intermixture beyond the fourth or fifth generation. The plant, 
when not fertile by itself, may bear seed, if its stigma be sprinkled 
vrith the pollen of one of its parent species ; and its pollen may be 
fertile when placed on the stigma of either of these. In this man- 
ner, a race intermediate between the hybrid and one of the parent 
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species is produced ; and this is continued longer, just in propor- 
tion as it is caused to approach the pure breed, by a successiye 
intermixture of this kind. The end of all hybrid races, produced 
between species really distinct, appears to be, therefore, that — 
either the race becomes soon extinct, which it will do if kept 
separate,— or it merges into one of the parent races, if continued 
by intermixture with either of them. This principle affords a 
yaluable test for determining what really are, and what are not, 
distinct species ; for if a hybrid race can be produced between 
them, which continues to be fertile of itself, the probability is 
strong that they are only yarieties. Cultiyators of flowers are 
constantly in the habit of producing such new races between the 
different yarieties of many plants, — for instance, the South 
American Amaryllis and the Calceolaria ; both these species are 
yery much disposed to spontaneous yariation ; and, by selecting 
the most beautiful of the new races that spontaneously originate 
from their seeds, and causing these to produce hybrids, a still 
larger amount of yariety, both in form and colour, may be obtained. 
These hybrids are of equal fertility with their parents, since the 
latter are not separated by any really essential difference. 



455. Haying now considered the general structure and offices 
of those organs of Ph^erogamia, which are most interesting to 
the Physiologist, from their connection with the important function 
of Reproduction, we shall notice those parts of the flower which 
are less essential to this object, but which commonly excite more 
interest, on account of the yaried and beautiful forms and colours 
they present ; — namely, its external leafy portion. This may be 
altogether termed the perianth^ or floral enyelope; the essential 
portion of the flower being, as before explained, the stamens and 
pistil occupying its centre, which are sometimes destitute of any 
protection. The perianth may be regarded as consisting, in its 
most regular form, of two circles (arranged like the whorls or yer- 
ticils of leaves) of leafy organs; of which the outer circle is 
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generally green, and the inner one coloured.* Of this outer circle, 
the leaves or sepals not unfrequentlj grow together, or adhere, at 
their edges ; so that a sort of cup is formed ; hence the whole is 
termed the calyx (cup.) The inner whorl is termed the corolla^ and 
its divisions are called jtT^o^ ; the j not unfrequentlj grow together 
in the same manner (as in the Campanula or Harehell) forming a 
second cup within the calyx. 

456. When the calyx seems formed of hut one piece, in con- 
sequence of the adhesion of its leafy portions, it is said to he mono- 
sej?alous (possessing but a single sepal) ; and when the petals have 
united in a similar manner, the corolla is said to be monopetahus. 
Though these terms are not strictly correct (since there are really 
as many sepals and petals in the one case as in the other), they 
are convenient, and are oflen employed in describing plants. The 
real nature of such a calyx or corolla is shown by varieties, or 
monstrosities, like that delineated in the adjoining figure ; here 

the regular form of a mono- 
petalous corolla, (in which 
the petals havegrown together 
to form a tube, and are only 
separate at the top) is shown 
at a; whilst b shows the 
separate condition of the pe- 

Fig. 57. a, monopetaloos corolla ; h, mon- tals which is occasionally seen 
strous form of the same. ^^ tx^^ ^ r 

as the consequence of a want 
of adhesion between their edges. Different kinds of flowers, too, 
exhibit every variety between the completely-separate and the 
completely-adherent condition of the sepals and petals; and these 
differences are often very useful in distinguishing them from each 
other. 

457. Outside the calyx is not unfrequently to be found another 
whorl of leafy bodies, more resembling in their aspect the ordinary 
leaves of the plant; these are called bracts^ and are well seen in 

* In Botanical language, the term coloured always means that the part is not 
green^ green being regarded as no colour in Plants. A white flower is spoken of 
as coloured. 
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the Strawberry, where the j surround and alternate with the sepals 
of the calyx. When no complete circle of them is seen, one or two 
are often present, and then they are generally larger. They do not 
always immediately surround the flower ; but are often to be found 
at the bottom of the flower-stalk. These bracts may be regarded 
as establishing the transition of form and structure between the 
common leaves of the plant, and those modified or metamorphosed 
leaves which form the perianth. Sometimes they can scarcely be 
distinguished from the former; whilst in other cases, they are 
brightly coloured, and more closely resemble the latter ; and, in 
the Hydrangea and some other plants, they really constitute the 
most showy portion of the flower, being very large and brilliant, 
whilst the flower they enclose is so small as to be almost over- 
looked. In many instances, the bracts form so gradual a transition 
between the true leaves and the parts of the flower, that it is very 
difficult to say where the former end and the latter begins. This 
is the case in the double Paeony, — a plant now very common in 
gardens. Its lower leaves are very complex in their structure 
being divided into a great number of segments ($ 235.) ; in tracing 
them up the stem, they are found to become simpler and simpler 
in their character as they approach the flower, and also to diminish 
in size ; and at the same time their spiral arrangement round the 
stem becomes more evident, the intervals between them being 
diminished. In this manner, they may be at last traced into the 
outermost whorl of the leafv parts composing the flower ; and it is 
quite impossible to specify the exact place at which the true leaves 
may be said to end, or the calyx to commence. 

458. From this it would appear that there is no essential differ- 
ence between the sepals of the calyx and regular leaves; and 
examination of their structure bears out the conclusion. If we take 
an example from a plant in which the sepals are distinct from each 
other, and green, we should find it difficult to assign any important 
characters in which they differ from leaves. They possess two 
layers of cuticle, furnished with stomata; having green cellular 
tissue or parenchyma between them, supported by veins consisting 
of woody fibre and vessels. There are many cases, however, in 
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which the calyx is hrightly coloured, equalling the corolla in 
beauty, and even surpassing it in brilliancy. In the Lilies and 
Tulips, we find the perianth composed of six coloured parts, 
which seem to spring at once from the flower-stalk, without bracts 
or calyx. But, if they be examined, it will be found that three 
of these arise lower down than the others, and therefore partly en- 
close them ; so that these three are to be regarded (in spite of their 
colour) as sepals of the calyx ; and it may often be obseryed that, 
though coloured in their interior, they are greenish outside, espe- 
cially along their middle. In the Fuchsia, a plant which is now 
becoming naturalized in our gardens, though formerly considered 
a rare exotic, the calyx is even more brightly coloured than the 
corolla. This change of colour, however, by no means disproves 
what has been said of the analogy between sepals and leaves; 
since, as formerly noticed, leaves themselves occasionally undergo 
similar changes, and the colouring principle seems to consist in all 
cases of nearly the same substance, in different states of chemical 
combination (§ 386.). Further, the calyx not unfrequently returns 
to the form of true leaves, in flowers in which its regular appear- 
ance is very different ; such irregular formations, which are termed 
monstrosities, are in this, as in many other instances, very in- 
structive to the physiologist, in leading him to the knowledge of 
the true character of organs, of which the external form may have 
been greatly changed. 

459. Similar remarks may be made upon the real nature of the 
petals of the corolla. They are almost always coloured ; but they 
still preserve their leafy structure, having cuticle, stomata, paren*^ 
chyma, and veins. It has been seen that, in the Tulip and Lily 
tribe, there is no essential difference between the sepals and 
petals ; what is true of the former, therefore, must be also true of 
the latter. Further, in the Paeony, the transition from the form of 
the sepal to that of the petal, is as gradual as that from the ordi- 
nary leaf to the sepal. If we trace the portions of the perianth 
from without inwards, we may observe that the green leafy sepals 
are slowly changed, — in the first place by having their points and 
edges turned from green to pink, and becoming more delicate in 
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their rtniL - tii te; — next the umer side Lb seen to be completely 
cokrared, while the back is still greenish in its ceiiti^ ; — and finallj 
the whcde is conTerted into an ordinarj' petaL Bnt erea where the 
^pearance <^ the petals is the fiirthest remored &am that of 
ordinarj UaTes, it is rtxy conunoa to find monstrosities which 
show that there is no essential difference. The common Wood- 
Anemone, for example, not onfre^neotly presents several TSneties 
in the p^jumrtur of the sepals and petals, inteimediate between what 
maj be legarded as natural to them, and that of the ordinal; 
IcAves. Thus, the caljx may be converted into a whorl of true 
leaves, whilst the white petals have become green and resemble 
the ordinary sepals ; or the metamorphosia ma; have proceeded 
&rther, and the petab as well as the sepals may have beea con- 
Tttted into ordinary leaves. 

460. The structure, appearance, and fiiDctions of the stamens 
are so different from those of the parts of the perianth, that it 
would scarcely appear probable that they too are tranafbrmed 
leaves ; and yet this will prove to be the case. There are many 
flowers in which the tiansitioD firom the form of the petal to that 
of the stamen, is as gradual 
as those already described. 
This b the case, ioz ex- 
I ample, in the Pteony ; and 
it is still more evident in 
the common White Wa- 
ter Lily, the principal 
.Sfr-^-.T®''''?..'^.'™^'™*'''^''''"'^'' ataces of transformation 

of White Water Idl; into atameiu. .^° 

in which are represented 
in the adjoining figure. The petal is first thickened near its point, 
by a deposit of yellow substance, which, when examined, is found 
to be pollen. This thickened part gains upon the expanded por- 
tion of the petal, which becomes contracted in a corresponding 
d^;iee, as we advance nearer the centre of the flower ; until we 
arrive at the r^^ar ibrm of the stamen, in which we observe that 
the two thickened parts have met as anther-lobes, and that the leafy 
portion of the petal is contracted into the filament supporting 
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them. The inner rows of stamens (of which there are several) are 
still more contracted, not being fully developed ; and here we lose 
all trace of the leafy appearance. 

461. Although the usual appearance of the stamens is such 
as was formerly described, there are several flowers in which they 
ordinariJy have very broad expanded filaments ; and these organs 
are subject to the same kind of transformation into the leafy 
character as are the portions of the calyx and corolla. The 
transformation of stamens into petals, in fact, is extremely com- 
mon ; it being generally in this manner that double flowers are 
produced from single ones. In the wild Rose, for example, we 
find but a single row of petals, surrounding a very large number 
of stamens ; whilst in the cultivated Rose of gardens, there are 
several rows of petals, and the number of stamens has proportion- 
ally diminished. The Rose is a flower which is very liable to 
produce monstrosities or irregular growths; and it is not 
uncommon to find this transformation more complete,-— the 
stamens, as well as the petals and sepals, being converted into 
true leaves, so that the flower is entirely green. The same is 
often the case with the Wood- Anemone, No further evidence, 
then, is required to prove that the elements of the leaf and the 
stamen must be the same (although their fully-developed forms 
are so diflerent) ; and that these elements may be developed into 
one form or the other according to circumstances, with which we 
are as yet only in part acquainted. 

462. We now come to the Pistil, which occupies, as formerly 
stated, the centre of the flower. In considering its real nature, 
it is always necessary to regard it as made up of a number of 
separate carpels (§ 434.), whether or not they can be completely 
distinguished; — just as the monosepalous calyx and the 
monopetalous corolla are considered as formed by the adhesion 
of their several constituent portions. We have to examine 
then, what is the real character of each carpel; and this is 
sometimes manifested to us in a remarkable manner. When 
the carpels are distinct, and are fully developed, they not 
unfrequently present a very leafy appearance. Thus, the pod 
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of the Pea, when 
opened, is seen 
not to differ 
essentiaUy from 
what a leaf with 
its two edges 
rolled together 
would be; the 
prolongation of 
the stalk corre- 
sponds with the 
midrib, and the 
^'«- ^' two valves of the 

pod are the two lobes of the leaf. Instances occasionally present 
themselves in which this is seen more decidedly, from the want of 
development of the ovules, and the non-closure of the pod, so 
that its leafy aspect is less departed from. There are little pro- 
jections, however, from the thickened edges of this carpellary kaf^ 
which show where the ovules should have been. A still more 
interesting monstrosity is almost constantly presented by the 
double cherry. The centre of the flower is occupied by a small 

leaf in place of the usual carpel. 
This leaf (Fig. 60 ; a) has the two 
edges folded towards each other, 
and the midrib is greatly pro- 
longed, having a little dilatation at 
its summit. If this be compared 
with the carpel of the cherry, seen 
at c, no doubt can be entertained 
that the two sides of the leaf answer 
to the walls of the ovary, the pro- 
longed midrib to the style, and its 
dilated extremity to the stigma* 
In some instances the flower contains 
two such leaves ; and they are then always seen to present their 
hollowed faces towards each other, in the manner seen at b. This 




Fig. 60, 
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precisely corresponds with the position of the true carpels, 
shown at d ; in which the siUure^ or line of junction of the 
two edges, of each carpel is opposite to that of the other. 
If any further proof were required, of the carpel heing a 
transformed leaf, it is afforded by the fact that, in Roses, 
Anemonies, Ranunculuses, and other such flowers, which are Hable 
to have their stamens conyerted into petals, or into true leaves, 
the carpels not unfrequently undergo the same changes, so that 
the whole flower is metamorphosed into a bunch of leaves, which 
are still arranged, however, on exactly the same plan with the 
parts of the real flower. 

463. The usual arrangement of these parts corresponds precisely 
with what was formerly stated of the disposition of the leaves 
(§185.). When the spiral, which may be regarded as their reguiar 
mode of arrangement, is converted into a whorl or verticil, by 
the non-development of the intervening part of the axis, and two 
or more of these whorls succeed one another, their several leaves do 
not correspond in the direction in which they issue from the stem, 
but are so placed that the leaves of each are above or below the 
intervals between the leaves of the other. When this is the case, 
the whorls are said to alternate with each other. Now the 
regular flower may be considered as made up of five such whorls, 
arising from nearly the same part of the axis ; and they are dis- 
posed alternately with each other. Thus, the sepals of the cal3rx 
alternate with the bracts; the petals of the corolla alternate 
with the sepals, and are opposite to the bracts; the stamens 
alternate with the petals, and are opposite to the sepals; and 
the carpels alternate with the stamens and are opposite to the 
petals. 

464. This very simple law, regulating the position of 
the parts of the flower, is apparently subject, however, to many 
exceptions; but these all arise from the interference of 
other causes. For example, the number of parts may be 
so pauch increased, that they cannot be all arranged in one 
whorl, and they then form additional verticils ; which, however, 
still follow the same principle of arrangement. For example. 
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the adjoining figure shorn 
a plan (a) of the flower of 
a Cherry ; in the outer 
circle are marked the 
plfUieB of the fire sepals, 
and in the next those of 
- the five petals which alter- 

PlnM of flovrarg ; a. Chewy ; *, SquiU. nate witii them. Within 
thtrne, howBTer, we find no leis than twenty stamens ; butthrae 
may be regarded aa comporing four whorls with five in each, 
apparently blended together, however, by the closeness of thar 
origin. The other diagram (6) is the plan of the flower of a 
Squill, in which, as in other Eitdogens, the parts are disposed in 
Ikreee not in fives. The outer circle has three dots indicating the 
places of the three sepals ; and on the inner one the petals are 
indicated in like manner, and are seen to alternate with the 
former; the stamens are six in number, and distinctly fonn two 
rows, of which the outer one is opposite to the whorl of the calyx, 
and the inner one to that of the corolla; and with this, ^in, the 
carpels would alternate. 

465. An apparent irregularity, however, is more frequently 
produced by the absence 
of some of the parts. 
Thus, in the Primrose, 
there ate five sepals, five 
petals, and five stamens ; 
but the stamens are 
opposite to the petals, 
instead of alternating 
vrith them (Fig. 6S ; a.). Now the explanation which the Botanist 
would ofier of this irregularity, is, — that there must be a row of 
stamens intermediate between the petals and the stamens, which, 
from some cause, have not been developed. And this is found to 
be really the case ; for in the Samolus, a plant otherwise formed 
upon the same plan as the primrose, five little scales, which are 
partly-developed stamens, appear in the utuatioD of the absent 
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row. In the Sage, again, 
we find a calyx of five 
sepals, and a corolla of five 
petals; but only two 
stamens are seen within 
(Fig. 63 ; a.) Now, npon 
Pig. 63. o, plan of flower of Sage ti,deTe- looking attentively at the 
lopment of atamena in allied genus. inside of the tubc of the 

corolla, two little scales are often to be seen growing in the place 
where two of the deficient stamens should have heen, — that is, 
alternating with the petals; these two scales are often developed 
as perfect stamens, in flowers which are otherwise constructed 
exactly like the Sage (i) ; and even the fifth makes its appearance 
in some instances, esaclly where it should regularly be found. 
Such deficiencies are often to be noticed ; thus in the genus 
Bauhinia, which has, 
properly ten stamens 
arranged in two whorls, 
there are some spedes in 
which only three, or even 
but one, perfect stamen is 
developed. Deficiency in 
Pig, 6*. Plans otfloirara of Bauhinia. the number of Carpels in 

the pistil is CTcn more common ; and it is in fact nire to find a 
flower which presents & structure that may be considered perfectly 
regular, as well in its form as in the number of its parts. With- 
out forming some such standard, however, it would be im- 
possible to obtain a definite idea of the nature of the deviations, of 
which some of the prindpal kinds will have to be considered 
hereafter. 

466. One of the commonest of these deviations is that in which 
the calyx appears to arise, not, as is usual, below the ovarium, 
but above it. In this case it will be found that the real position 
of the parts is the same ; but that the perianth wraps round or 
en'doses the ovarium and spreads itself out only when &eed from 
it. The stamens too, not unirequently seem to arise from the 
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corolla, instead of from the axis of the flower ; hut this eiBTect is 
produced in a similar manner — ^namely, hy their adhesion at their 
lower part to the inner side of the petals. The stamens, again, 
sometimes adhere to each other, so as to form a complete tuhe, 
surrounding the pistil. 

468. In the foregoing instances, the symmetry of the flower 
is not destroyed ; that is, it may he divided into two similar 
halves hy a line crossing it in any direction. But there are many 
irregularities resulting from the unequal development of the differ- 
ent parts of the same whorl, and from the adhesion of these parts 
to each other in various ways ; so' that the whole form of the 
flower sometimes appears completely changed, and there is only 
one direction in which it can he divided into two equal halves. 
This is the case in the flower of the Pea or Bean, for example ; in 
which, as in other plants of the Papilionaceous group (so named 
from the resemblance of the flower to a Papilio or Butterfly), there 
is one broad petal standing erect, two separate ones termed the 
wings, which are prolonged from its base, and two others united 
together, forming what is termed the keel, which is enclosed be- 
tween the last. 

468. The flower is usually placed at the end of the flower- 
stem, or of its subdivision of it ; and the tendency in this stem to 
lengthen, appears to be checked by the development of a flower- 
bud. It commonly swells out at the insertion of the perianth, 
forming what is called the disk or receptacle \ and in this, as for- 
merly stated, nourishment is frequently laid up, in the form of 
starch, for the development of the young ovules (§ 285.). This 
receptacle sometimes grows upwards between the carpels, and even 
encloses them. In other cases, it extends so much as to separate 
the carpels from one another ; this is the case in the Strawberry 
of which the fruit is the swollen receptacle, whilst the little bodies 
scattered over its surface (commonly termed seeds) are in reality 
the carpels. Sometimes, however, it happens that the flower- 
stem continues to grow between the points from which the solids 
proceed ; and they are then separated, from each other, just as 
are leaves in like circumstances (J 304.). The spiral line, in which 
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the diflferent parts of the flowers are inserted round the axis, then 
becomes very evident. This is the case not unfrequently in the 
Double Tulip ; and as the parts of the flower are generally at the 
same time more or less changed into the leafy character, the re- 
semblance of the whole flower to a leaf-bud or undeveloped branch 
then becomes very obvious. Sometimes after giving off the whorls 
of the perianth, the flower -stalk is prolonged through their centre, 
and bears another bud at its extremity ; this is by no means un- 
common in Roses. It is well known to Gardeners that, by a still 
further change, flower-buds may be actually converted into leaf- 
buds, and developed into true leaf-bearing branches ; a fact which 
sut^'ciently proves that every part of the flower is formed out of 
the same elements with leaves, and that the development of either 
may take place according to circumstances. Hence we know why 
a difference in the amount of nutrition which the plant receives, 
should influence its tendency to the production of flowers and fruit. 
It has been stated that, in each of the parts of the flower, there is 
a tendency to revert to the leafy form ; and this is especially the 
case with the stamens, which are often converted into petals (thus 
changing a single flower into a dovhle one) when the plant is 
transferred from the poor soil in which it may be naturally growing, 
into the rich mould of a garden. Now if a plant be over -supplied 
with nourishment, it will run to leaf^ as it is termed, — that is, 
it will develope too many leaf-buds, and will not put forth flowers ; 
so that, in order to make it bear fruit, it is necessary to diminish 
its quantity of sap ; one method of effecting which, is to dig a 
trench at a certain distance round the bottom of the trunk, so as 
to cut off part of the supply it receives from the roots. 

469. It might be objected to the statements here made, that 
the pollen and the ovules are so different from anything which 
the leaf naturally produces, that no analogy can be imagined 
between organs bearing these, and the ordinary leaves. But, 
if the structure of the pollen-grain be considered, it will be 
perceived to correspond precisely with that of other cells of cellu- 
lar tissue ; differing chiefly in its power of separating itself from the 
rest, and of sending forth little granules which are to form new 
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plants, instead of adding to the number of cells in the parent 
structure. Every cell of the Conferva, it will be recollected (§ 40.) 
may be regarded as essentiallj a poUen-grain ; and therefore the 
difference cannot be really so great as it appears. Further, ifi 
regard to the ovules, the &ct heretofore mentioned (§ 240.) that 
certain leaves have the power of producing little buds j&om their 
edges, becomes of great interest ; for, if the ovules could be re- 
garded as at all analogous to. buds, it is evident that their situation 
on the edges of the carpellary leaf would quite correspond with 
that of the buds of the Bryum^ or of the Bog Orchis. And it 
has been proved by the occurrence of some curious monstrosities? 
that this is a real analogy ; for a seed-vessel has been known to 
bear a set of Httle buds at the edges of its carpellary leaves, arrang- 
ed just as the ovules should have been. 

470. We have in the last place to consider the structure of the 
Fruit, which is the mature or ripened ovary containing fertilized 
seeds. This frequently differs remarkably from the ovary which 
the centre of the flower contained, both in its external ap- 
pearance, and in the arrangement of its interior. For example, 
the Cherry, Plum, Almond, or other stone fruit, is formed by a 
remarkable change in the substance of the carpellary leaf; the in- 
ternal surface of this becomes hardened into the stone, whilst the 
external remains as a thin cuticle or skin ; and the pulp of the 
fruit is formed by the increase of the parenchyma or fleshy tissue 
of the leaf. Here each carpel originally contained several ovules, 
but only one of them is usually developed. In the ovary of the 
Chesnut, there are originally seven carpels or cells with two OTjJes 
in each, whilst the ripe fruit consists of but one cell and one seed; 
so that no fewer than six cells and thirteen ovules are suppressed, 
in order to enable a single ovule to grow and be matured. It is not 
uncommon, however, to find two or even three chesnuts within a 
single shell, separated by slight partitions. The fruit of the Orange, 
as formerly mentioned, consists of the carpels, surrounded by the 
calyx which is adherent to their exterior, and having the space 
between their inner wall and the seeds they contain, filled up with a 
very succulent cellular tissue. On the other hand, in the Apple, 
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the carpels lie in the centre of the fruit, and their walls are some- 
what horny ; the fleshy suhstance of the fruit is formed hy the 
calyx, which is adherent to the exterior of the ovary ; and the 
parenchyma hetween its two surfaces swells out in ripening, in the 
same manner as does that of the carpellary leaf of the Plum. In 
the Medlar, the carpels have a hard or bony coyering, and they 
lie separately in the midst of the pulpy envelope, which they 
acquire in like manner horn, the calyx. In the Strawberry, as 
formerly mentioned, the carpels are separated from each other 
by the receptacle, the expansion of which forms the fleshy part of 
the fruit. In the Raspberry, on the other hand, the receptacle 
is the white fleshy stalk which occupies the centre of the fruit ; 
and the pulpy portion consists of the carpels enclosing seeds. 
The pods of the Pea, Laburnum and other Leguminous plants, 
again, are single carpels, which sometimes grow to a great length, 
and contain many seeds. A great many more varieties might 
be enumerated ; but the mention of these will serve to give an 
idea of the mode in which the very curious transformation of the 
ovary into the fruit takes place. 

471. When the seeds are ripe and ready to be dispersed, the 
carpel usually splits either along the suture, or in the opposite 
direction, in order to set them free. There are many curious pro- 
visions for their dispersion to a great distance from the parent. 
Some of these, depending on the movements of the capsule, have 
already been explained. Many seeds are wivged^ that is, are 
furnished with a little expansion on each side, filled to catch the 
wind ; and thus they are wafted to places far distant from those 
in which they were produced. A very common provision is that 
of which the Dandelion seed is an example. This, as is well 
known, is furnished with a very light downy appendage, by which 
it is floated along with the slightest breath of air. Other seeds, 
again, are conveyed by the wateip of streams and rivers, into 
which they fall; and take root when left by the current upon a 
congenial soil. Some are even capable of resisting the influence 
of the waters of the sea ; and in this manner it is that the coral 
islands, which are gradually appearing above the surface of the 
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Pacific Ocean, are speedily covered with a crop of luxuriant ve- 
getation. Birds, too, are very important agents in diffusing the 
various species of plants ; some of which are scarcely dispersed in 
any other way. They carry off the whole fruit to a convenient 
place, and drop the stone when they have eaten the pulp: or they 
eat the whole, and the seed, heing undigested on account of the 
hardness of its coats, falls into the ground when voided by them. 
Some seeds will not readily germinate until they have undergone 
this process. When it is considered that from a single seed, as many 
as 30,000 or 40,000 of some species may be produced in a single 
year, it will be perceived how abundantly the Creator has pro- 
vided for the continuance of their race, and how unUkely is their 
extinction without some great convulsion of Nature. 

472. The Reproductive System of Vegetables, then, counter- 
acts in its operation the effects which would otherwise speedily 
result from the law, which the Creator has impressed on all organ- 
ized structures ; — that law of limited duration, which renders their 
death and decay as complete a portion of the series of actions 
they exhibit, as are the wonderful phenomena in which they are 
concerned during life. By this counterpoise, all limit to the con- 
tinuance of races is removed, except such as is interposed by 
some causes beyond. The records of the history of the Earth, 
which are brought to light by an examination of the rocks that 
appear at its surface, afford abundant evidence that vast con- 
vulsions must have formerly occurred, involving the Vegetable as 
well as the Animal kingdom ; and that, at each of these, many 
races of Plants were utterly destroyed, so that there is now proba- 
bly not a single species remaining, of those which first covered 
the dry land with verdure, when it was lifted from the depths of 
the ocean by Almighty Power. Such a convulsion will again occur. 
A time is foretold when " the elements shall melt with fervent heat, 
and the earth also and the works that are therein shall be burned 
up." But the soul of man will survive this general conflagration, 
and his faculties receive that full development for which it is of 
such vast importance that he should here become prepared. 
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CONCLUSION. 



The Author is not without hope, that the interest excited hy this 
Treatise in the minds of some of his readers, may lead them to desire 
further information on the subject, and to make it a regular object 
of pursuit. Several works of great value to such enquirers exist in 
our own language ; among which may be specified Dr. Lindley*s 
" Introduction to Botany," and his Treatise on the subject in the 
" Library of Useful Knowledge ;*' Professor Henslow's " Treatise 
on Botany" in Lardners Cyclopaedia; and Dr. W. B. Carpenter's 
'' Principles of General and Comparative Physiology." The gene- 
ral plan of the following Treatise is more formed upon that of the 
last of these Yolumes, than upon any other ; but to all of them 
the Author has to acknowledge his obligations, for the valuable 
materials which he has freely drawn from them. To those ac- 
quainted with the French and German languages, the " Organo- 
graphie and Physiologic V^g^tale " of Professor De Candolle, and 
the " Physiologic der Pflanzen " of Professor Meyen, may be re- 
commended as the most comprehensive works on the subject. In 
the Sixth Chapter, the Author has embodied a summary of the 
enquiries on the food of plants, recently made by the eminent 
German Chemist, Liebig ; whose Treatise on the "Application of 
Organic Chemistry to Agriculture and Physiology" translated 
into English) he regards as one of the most important contributions 
hitherto made by Science to the Arts. Dr. Lindley's recent 
Treatise on the " Science of Horticulture " may also be recom- 
mended to those who feel a desire for additional information on 
that department of the subject. 

In Schools and Families, in which this Treatise is employed as 
a Class-book, Carpenter and Westley's series of coloured paint- 
ings on glass may be exhibited, with very advantageous eflFect, by 
means of the Magic Lantern, which is also very serviceable for 
Zoological and Astronomical illustration. " 
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Works Published by the 
Society for tlie Promotion of Popular Znstructicm. 

1. AN ESSAY ON THE EVILS OF POPULAR IGNORANCE. 

By John Foster. Revised ezpresslj for the Society for the Promotion 
of Popular Instruction. Second Edition ofFwt T^onksand, 8vo. Is. 6ii. 

2. MEMOIRS OF FELIX NEFF, JOHN F. OBERLIN, and BERN. 

H ARD OVERBERG. Translated ftnm the German by Mrs. Sydney 
WiLUAMS. 8to. Is. d<{. 

3. THE LIFE OF LUTHER ; with Notices and Extracts of his Popular 

Writinos. Translated fh>m the German of GastaYus Pfizer, by 
T. S. Williams. With an Introductory Essay by the Author of 
<< Natural History of Enthusiasm/' &c. 8vo. 3s. 

4. I>R. BUCHANAN'S CHRISTIAN RESEARCHES IN INDIA, with 

a Summary of the subsequent Progress of Missionary Operations in 
the East: to which are prefixed, a Memoir of the Author, and a Sketch 
of the Earliest Protestant Missions in India. 8to. 2s. 

The above are the first four publications issued by the '' Society for the Promo- 
tion of Popular Instruction*' by means of cheap works of sterling value, " suffici- 
ently varied to entertain as well as instruct, and in their tendency bearing out the 
main olgect of promoting the temporal and spiritual interests of mankind." 
Knowing nothing of the Society but from their labours, of which these are the 
auspicioat eommencement, tre must say, that the sound judgment evinced in tha 
selection of these works, and the useful character of their plan, so far as we can 
gather it from their announcements, lead ns to think very highly and to augur 
very favourably of their spirited undertaking. The publications are so exceed- 
ingly cheap as to preclude at all events large profits, if any ; for it will be seen 
they are not mere reprints. 

We are happy to find that, of Foster^s masterly and invaluable Essay, which 
has been revised expressly for the purpose by the Author, a second issue of five 
thousand has already been called for. For eighteen-pence may now be procured 
a work which every dnistian minister, erery Sunday-school teacher, every one 
who takes an interest in the question of national education, or in the welfare of 
the lower classes, ought to peruse and reperuse till he has incorporated the sen- 
timenlB and reasonings of the eloquent Essayist with his inmost thoughts and 
feelings. For the serfioe which they have rendered in making this work so ge- 
nerally accessible, the Sooiety are entitled to our best thanks. — The Pafrioi, 

We are glad to find that Foster's Essay is thus in the hands of a Society, which 
by the additional selection of such works as Buchanan's Researches, and the Me- 
moirs of Luther, of Oberlin, and of Neff, guarantee the wholesome nature of that 
popular knowledge which they propose to disseminate. We are sure we shall 
have done a service to our country, if in eulogizing it as distinguished generally 
by the truest philosophy, often by a most original imagination, and always by 
an enlightened piety, we can obtain for it a fit audience.— ^Brlj^^ Gazette and 
Chw€kman*s Newspaper* 

We are glad to think that all our cheap works have hitherto been excellent 
in point both of principle and feeling; but none of them can, in these respects 
be superior to ''Foster^s Essay on Popular Ignorance," which eminently deserves, 
and we doubt not, will obtain, warm public encouragement. The first issue 
consists of HWK); we shall be disappointed if Jive times that number do not event- 
nally selL The work withal is marked by large type, and elegant paper, and 
would not dishonour even a first-rate li\)nrj,~^E<i^r£urgh ChroiucU, 

^A Work, which, popular and admired as it confessedly is, has never met 
with a thousandth part of the attention which it deserves. It appears to me that 
we are now at a crisis in the state of onr country, and of the world, which renders 
ihe reasonings and exhortations of that eloquent production, applicable and 
nxgent beyond all power of mine to ezpTOia.'' — Letler Jroni By. ¥'^« ^tM3&v> v» 
i^ Ediimr qftht Congregatwmd Ifa^azine, AprU, \^»^ 
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